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(54) CONTROL METHOD OF POWER FACTOR CORRECTION (PFC) CIRCUIT AND PFC CIRCUIT

(57) Embodiments of this application provide a pow-
er factor correction PFC circuit control method and a PFC
circuit. The PFC circuit includes an alternating current
module, a power factor correction module, a direct cur-
rent module, and a control module. The power factor cor-
rection module includes a three-phase correction circuit
connected in parallel, and any single-phase correction
circuit includes at least a first inductor, a first bridge arm,
a second bridge arm, a third bridge arm, and a fourth
bridge arm. The control module determines that an alter-
nating current on a single-phase input/output terminal is
in a positive half cycle. The control module turns on or
turns off switching transistors on the first bridge arm and
the second bridge arm, to boost a first voltage at a first
parallel connection point. The control module turns on a
switching transistor on the third bridge arm when deter-
mining that the first voltage is equal to a voltage of a
positive bus of the direct current module. According to
the PFC circuit and the control method provided in this
application, a switching loss of the PFC circuit can be
effectively reduced, and performance of the PFC circuit
can be improved.
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Description

TECHNICAL FIELD

[0001] This application relates to the field of electronic
circuits, and in particular, to a power factor correction
PFC circuit control method and a PFC circuit.

BACKGROUND

[0002] With continuous development of power elec-
tronic technologies and improvement of power require-
ments for electric devices, multiphase AC power supply
developed based on single-phase AC power supply, es-
pecially three-phase AC power supply, gradually be-
comes a mainstream power supply solution. A power
supply circuit of a current three-phase AC power supply
circuit usually includes a power factor correction (power
factor correction, PFC) circuit and a DC/DC converter
(direct-current/direct-current converter). The PFC circuit
is mainly configured to perform rectification and control
an input current waveform and an input voltage waveform
to be consistent, to improve a power factor. The DC/DC
converter is a voltage converter that converts an input
direct current voltage into a specified direct current volt-
age and outputs the specified direct current voltage, and
is mainly configured to perform voltage adjustment on
the direct current.
[0003] In the conventional technology, due to advan-
tages such as high power density and easy power factor
correction, a three-phase voltage-boosting (namely,
boost) three-level PFC circuit has become a main solu-
tion to the PFC circuit of the three-phase AC power sup-
ply. For example, people often use a three-phase four-
wire three-level PFC circuit and a three-phase virtual N
three-level PFC circuit. However, the current three-
phase voltage-boosting three-level PFC circuit performs
rectification by using a diode, and a main transistor is
turned on or off in a hard-switching manner. As a result,
a turn-on loss and a switching loss of the current PFC
circuit are large, and overall performance of the PFC cir-
cuit is poor.

SUMMARY

[0004] This application provides a power factor correc-
tion PFC circuit control method and a PFC circuit, to re-
duce a turn-on loss and a switching loss of the PFC circuit,
and improve performance of the PFC circuit.
[0005] According to a first aspect, an embodiment of
this application provides a PFC circuit control method.
The PFC circuit includes an alternating current module,
a power factor correction module, a direct current mod-
ule, and a control module. The power factor correction
module includes a three-phase correction circuit con-
nected in parallel, and any single-phase correction circuit
in the three-phase correction circuit includes at least a
first inductor, a first bridge arm, a second bridge arm, a

third bridge arm, and a fourth bridge arm. One end of the
first inductor is connected to a single-phase input/output
terminal of the alternating current module, the other end
of the first inductor is connected to a first bridge arm mid-
point of the first bridge arm, and the first bridge arm is
connected in parallel to the second bridge arm. A first
parallel connection point between the first bridge arm and
the second bridge arm is connected to one end of the
third bridge arm, and the other end of the third bridge
arm is connected to a positive bus of the direct current
module. A second parallel connection point between the
first bridge arm and the second bridge arm is connected
to one end of the fourth bridge arm, the other end of the
fourth bridge arm is connected to a negative bus of the
direct current module, and a midpoint or an imaginary
midpoint of the alternating current module is further con-
nected to a second bridge arm midpoint of the second
bridge arm and the direct current module.
[0006] In actual application, the control module deter-
mines that an alternating current on the single-phase in-
put/output terminal is in a positive half cycle. The control
module turns on or turns off switching transistors on the
first bridge arm and the second bridge arm, to boost a
first voltage at the first parallel connection point. The con-
trol module turns on a switching transistor on the third
bridge arm when determining that the first voltage is equal
to a voltage of the positive bus of the direct current mod-
ule.
[0007] It should be understood that, with reference to
the foregoing implementation, the PFC circuit may turn
on or turn off the switching transistors on the first bridge
arm and the second bridge arm by using the control mod-
ule, and then the first voltage at the first parallel connec-
tion point is boosted by using a freewheeling function of
the first inductor. Then, the control module may turn on
the switching transistor on the third bridge arm when de-
termining that a boosted first voltage is equal to the volt-
age of the positive bus of the direct current module. In
this way, zero voltage turn-on of the switching transistor
on the third bridge arm can be implemented, and a switch-
ing loss of the PFC circuit can be effectively reduced,
and performance of the PFC circuit is further improved.
[0008] With reference to the first aspect, in an optional
implementation, the first bridge arm includes a first
switching transistor and a second switching transistor,
the second bridge arm includes a third switching transis-
tor and a fourth switching transistor, the third bridge arm
includes a fifth switching transistor, and the fourth bridge
arm includes a sixth switching transistor. The first bridge
arm midpoint of the first bridge arm is a connection point
between a first end of the first switching transistor and a
second end of the second switching transistor, the first
parallel connection point is a connection point between
a second end of the first switching transistor and a first
end of the third switching transistor, the second parallel
connection point between the first bridge arm and the
second bridge arm is a connection point between the
second end of the second switching transistor and a first
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end of the fourth switching transistor, the second bridge
arm midpoint of the second bridge arm is a connection
point between a second end of the third switching tran-
sistor and a second end of the fourth switching transistor,
a first end of the fifth switching transistor is connected to
the first parallel connection point, a second end of the
fifth switching transistor is connected to the positive bus,
a first end of the sixth switching transistor is connected
to the second parallel connection point, and a second
end of the sixth switching transistor is connected to the
negative bus. In addition, third ends of the first switching
transistor, the second switching transistor, the third
switching transistor, the fourth switching transistor, the
fifth switching transistor, and the sixth switching transistor
are connected to the control module.
[0009] Compared with an existing PFC circuit imple-
mented by using a diode, in the foregoing implementa-
tion, bridge arms included in the PFC circuit are imple-
mented by using a plurality of switching transistors.
Therefore, a turn-on voltage drop and a turn-on loss are
smaller.
[0010] With reference to the first aspect, in an optional
implementation, after turning on the fifth switching tran-
sistor, the control module turns off the fifth switching tran-
sistor if determining that a current of the first inductor is
equal to a first preset current.
[0011] With reference to the first aspect, in an optional
implementation, the control module may control the first
switching transistor to be turned on in the positive half
cycle. The control module turns on the third switching
transistor when determining that a first preset moment
expires or determining that a voltage at the first parallel
connection point is equal to a voltage at the second bridge
arm midpoint. The control module turns off the third
switching transistor when determining that the current of
the first inductor is equal to a second preset current, to
boost the first voltage at the first parallel connection point.
[0012] In the foregoing implementation, the control
module may turn on the third switching transistor when
determining that the voltage at the first parallel connec-
tion point is equal to the voltage at the second bridge arm
midpoint. In this way, zero voltage turn-on of the third
switching transistor is implemented, and a switching loss
of the PFC circuit can be reduced.
[0013] With reference to the first aspect, in an optional
implementation, the control module controls the first
switching transistor and the fourth switching transistor to
be turned on in the positive half cycle. The control module
turns on the second switching transistor and the third
switching transistor when determining that a first preset
moment expires or determining that a voltage at the first
parallel connection point is equal to a voltage at the sec-
ond bridge arm midpoint. The control module turns off
the second switching transistor and the third switching
transistor when determining that the current of the first
inductor is equal to a second preset current, to boost the
first voltage at the first parallel connection point.
[0014] In the foregoing implementation, a switching

loss of the PFC circuit is reduced. In addition, because
a parallel loop is established between the first bridge arm
midpoint and the second bridge arm midpoint, an equiv-
alent resistance value between the first bridge arm mid-
point and the second bridge arm midpoint becomes
smaller. This can further reduce a turn-on loss of the PFC
circuit.
[0015] With reference to the first aspect, in an optional
implementation, the control module controls the first
switching transistor and the fourth switching transistor to
be turned on in the positive half cycle. The control module
turns on the third switching transistor when determining
that a first preset moment expires or determining that a
voltage at the first parallel connection point is equal to a
voltage at the second bridge arm midpoint. The control
module turns on the second switching transistor when
determining that first preset duration expires. A start mo-
ment of the first preset duration is a turn-on moment of
the third switching transistor. The control module turns
off the second switching transistor when determining that
second preset duration expires. A start moment of the
second preset duration is a turn-on moment of the second
switching transistor. The control module turns off the third
switching transistor when determining that the current of
the first inductor is equal to a second preset current, to
boost the first voltage at the first parallel connection point.
[0016] In the foregoing implementation, zero voltage
turn-on and zero voltage turn-off of the second switching
transistor can be implemented while zero voltage turn-
on of the third switching transistor is implemented. This
can further reduce a switching loss of the PFC point. In
addition, a parallel loop is further established between
the first bridge arm midpoint and the second bridge arm
midpoint. This can further reduce a turn-on loss of the
PFC circuit.
[0017] With reference to the first aspect, in an optional
implementation, the control module determines that the
alternating current on the single-phase input/output ter-
minal is in a negative half cycle. The control module may
turn on or turn off the switching transistors on the first
bridge arm and the second bridge arm, to buck a second
voltage at the second parallel connection point. The con-
trol module turns on the sixth switching transistor when
determining that the second voltage is equal to a voltage
of the negative bus of the direct current module.
[0018] In the foregoing implementation, zero voltage
turn-on of the sixth switching transistor is implemented
in the negative half cycle. This can further reduce a
switching loss of the PFC circuit.
[0019] With reference to the first aspect, in an optional
implementation, after turning on the sixth switching tran-
sistor, the control module turns off the sixth switching
transistor if determining that the current of the first induc-
tor is equal to a third preset current.
[0020] With reference to the first aspect, in an optional
implementation, the control module controls the second
switching transistor to be turned on in the negative half
cycle. The control module turns on the fourth switching

3 4 



EP 4 380 025 A1

4

5

10

15

20

25

30

35

40

45

50

55

transistor when determining that a second preset mo-
ment expires or determining that a voltage at the second
parallel connection point is equal to the voltage at the
second bridge arm midpoint. The control module turns
off the fourth switching transistor when determining that
the current of the first inductor is equal to a fourth preset
current, to buck the second voltage at the second parallel
connection point.
[0021] In the foregoing implementation, the control
module may implement zero voltage turn-on of the fourth
switching transistor in the negative half cycle. This can
further reduce a switching loss of the PFC circuit.
[0022] With reference to the first aspect, in an optional
implementation, the control module controls the second
switching transistor and the third switching transistor to
be turned on in the negative half cycle. The control mod-
ule turns on the first switching transistor and the fourth
switching transistor when a second preset moment ex-
pires or a voltage at the second parallel connection point
is equal to the voltage at the second bridge arm midpoint.
The control module turns off the first switching transistor
and the fourth switching transistor when determining that
the current of the first inductor is equal to a fourth preset
current, to buck the second voltage at the second parallel
connection point.
[0023] In the foregoing implementation, the control
module may implement zero voltage turn-on of the first
switching transistor and the fourth switching transistor in
the negative half cycle, and further establish a parallel
loop between the first bridge arm midpoint and the sec-
ond bridge arm midpoint. This can reduce a switching
loss of the PFC circuit and a turn-on loss of the PFC
circuit.
[0024] With reference to the first aspect, in an optional
implementation, the control module controls the second
switching transistor and the third switching transistor to
be turned on in the negative half cycle. The control mod-
ule turns on the fourth switching transistor when deter-
mining that a second preset moment expires or deter-
mining that a voltage at the second parallel connection
point is equal to the voltage at the second bridge arm
midpoint. The control module turns on the first switching
transistor when determining that third preset duration ex-
pires. A start moment of the third preset duration is a
turn-on moment of the fourth switching transistor. The
control module turns off the first switching transistor when
determining that fourth preset duration expires. A start
moment of the fourth preset duration is a turn-on moment
of the first switching transistor. The control module turns
off the fourth switching transistor when determining that
the current of the first inductor is equal to a fourth preset
current, to buck the second voltage at the second parallel
connection point.
[0025] In the foregoing implementation, the control
module may implement zero voltage turn-on of the first
switching transistor and the fourth switching transistor
and zero voltage turn-off of the first switching transistor
in the negative half cycle, and further establish a parallel

loop between the first bridge arm midpoint and the sec-
ond bridge arm midpoint. This can reduce a switching
loss of the PFC circuit and a turn-on loss of the PFC
circuit.
[0026] According to a second aspect, an embodiment
of this application provides a PFC circuit. The PFC circuit
includes an alternating current module, a power factor
correction module, a direct current module, and a control
module. The power factor correction module includes a
three-phase correction circuit connected in parallel, any
phase correction circuit in the three-phase correction cir-
cuit includes at least a first inductor, a first bridge arm, a
second bridge arm, a third bridge arm, and a fourth bridge
arm. One end of the first inductor is connected to a first
phase terminal of the alternating current module, the oth-
er end of the first inductor is connected to a first bridge
arm midpoint of the first bridge arm, the first bridge arm
is connected in parallel to the second bridge arm, a first
parallel connection point between the first bridge arm and
the second bridge arm is connected to one end of the
third bridge arm, the other end of the third bridge arm is
connected to a positive bus of the direct current module,
a second parallel connection point between the first
bridge arm and the second bridge arm is connected to
one end of the fourth bridge arm, the other end of the
fourth bridge arm is connected to a negative bus of the
direct current module, a midpoint or an imaginary mid-
point of the alternating current module is further connect-
ed to a second bridge arm midpoint of the second bridge
arm and the direct current module, and the first bridge
arm, the second bridge arm, the third bridge arm, and
the fourth bridge arm each include one or more switching
transistors. The control module is configured to control
turn-on or turn-off of switching transistors in the first
bridge arm, the second bridge arm, the third bridge arm,
and the fourth bridge arm. The power factor correction
module is configured to convert a three-phase alternating
current provided by the alternating current module into a
direct current and transmit the direct current to the direct
current module, or configured to convert a direct current
provided by the direct current module into a three-phase
alternating current and transmit the three-phase alternat-
ing current to the alternating current module.
[0027] With reference to the second aspect, in an op-
tional implementation, the first bridge arm includes a first
switching transistor and a second switching transistor
connected in series, the second bridge arm includes a
third switching transistor and a fourth switching transistor
connected in series, the third bridge arm includes a fifth
switching transistor, and the fourth bridge arm includes
a sixth switching transistor. The first bridge arm midpoint
of the first bridge arm is a connection point between a
first end of the first switching transistor and a second end
of the second switching transistor, the first parallel con-
nection point is a connection point between a second end
of the first switching transistor and a first end of the third
switching transistor, the second parallel connection point
between the first bridge arm and the second bridge arm
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is a connection point between the second end of the sec-
ond switching transistor and a first end of the fourth
switching transistor, the second bridge arm midpoint of
the second bridge arm is a connection point between a
second end of the third switching transistor and a second
end of the fourth switching transistor, a first end of the
fifth switching transistor is connected to the first parallel
connection point, a second end of the fifth switching tran-
sistor is connected to the positive bus, a first end of the
sixth switching transistor is connected to the second par-
allel connection point, and a second end of the sixth
switching transistor is connected to the negative bus. In
addition, third ends of the first switching transistor, the
second switching transistor, the third switching transistor,
the fourth switching transistor, the fifth switching transis-
tor, and the sixth switching transistor are connected to
the control module.
[0028] According to a third aspect, an embodiment of
this application provides a three-phase power supply sys-
tem. The three-phase power supply system includes a
three-phase alternating current source, the PFC circuit
according to any one of the second aspect, a DC/DC
converter, and a direct current load. The three-phase al-
ternating current source is connected to an input side of
the PFC circuit, an output side of the PFC circuit is con-
nected to an input side of the DC/DC converter, and an
output side of the DC/DC converter is connected to the
direct current load. The three-phase alternating current
source is configured to provide a three-phase alternating
current. The PFC circuit is configured to perform the con-
trol method according to any one of the foregoing first
aspect, to convert the three-phase alternating current into
a direct current with a first voltage value. The DC/DC
converter is configured to convert the direct current with
the first voltage value into a direct current with a second
voltage value, and transmit the direct current with the
second voltage value to the direct current load, so that
the direct current load works normally.
[0029] According to the PFC circuit and control method
provided in embodiments of this application, a turn-on
loss and a switching loss of the PFC circuit can be re-
duced, and performance of the PFC circuit can be im-
proved.

BRIEF DESCRIPTION OF DRAWINGS

[0030]

FIG. 1 is a schematic diagram of a structure of a
three-phase power supply system according to an
embodiment of this application;
FIG. 2 is a schematic diagram of a structure of a PFC
circuit according to an embodiment of this applica-
tion;
FIG. 3 is a schematic diagram of another structure
of a PFC circuit according to an embodiment of this
application;
FIG. 4 is a schematic diagram of a structure of a

control module according to an embodiment of this
application;
FIG. 5 is a schematic diagram of another structure
of a PFC circuit according to an embodiment of this
application;
FIG. 6 is a schematic diagram of another structure
of a PFC circuit according to an embodiment of this
application;
FIG. 7 is a schematic flowchart of a PFC circuit con-
trol method according to an embodiment of this ap-
plication;
FIG. 8 is a schematic diagram of a circuit status ac-
cording to an embodiment of this application;
FIG. 9 is a schematic diagram of another circuit sta-
tus according to an embodiment of this application;
FIG. 10 is a schematic diagram of another circuit
status according to an embodiment of this applica-
tion;
FIG. 11 is a schematic diagram of another circuit
status according to an embodiment of this applica-
tion;
FIG. 12 is another schematic flowchart of a PFC cir-
cuit control method according to an embodiment of
this application;
FIG. 13 is a schematic diagram of a waveform ac-
cording to an embodiment of this application;
FIG. 14 is a schematic diagram of another waveform
according to an embodiment of this application;
FIG. 15 is another schematic flowchart of a PFC cir-
cuit control method according to an embodiment of
this application;
FIG. 16 is another schematic flowchart of a PFC cir-
cuit control method according to an embodiment of
this application;
FIG. 17 is a schematic diagram of another waveform
according to an embodiment of this application; and
FIG. 18 is a schematic diagram of another waveform
according to an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0031] The following clearly and completely describes
technical solutions in embodiments of this application
with reference to the accompanying drawings in embod-
iments of this application. It is clear that the described
embodiments are some but not all of embodiments of
this application. All other embodiments obtained by a per-
son of ordinary skill in the art based on embodiments of
this application without creative efforts shall fall within
the protection scope of this application.
[0032] Existing circuits such as a three-phase four-wire
three-level PFC circuit and a three-phase virtual N three-
level PFC circuit perform rectification by using a diode,
and turn-on and turn-off of a main transistor in the circuit
are controlled in a hard-switching manner. As a result, a
turn-on loss and a switching loss of the PFC circuit are
large, and overall performance of the PFC circuit is poor.
[0033] Therefore, the technical problem to be resolved
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in this application is how to reduce a turn-on loss and/or
a switching loss of a PFC circuit, to improve performance
of the PFC circuit.
[0034] Embodiments of this application provide a PFC
circuit control method and a PFC circuit. A switching loss
and a turn-on loss of the PFC circuit can be reduced, and
performance of the PFC circuit can be effectively im-
proved by using the control method and the PFC circuit.
[0035] It should be noted that the PFC circuit control
method and the PFC circuit provided in embodiments of
this application may be used in an alternating current
power supply scenario, or may be used in a direct current
power supply scenario. In the alternating current power
supply scenario, when the PFC circuit inputs an alternat-
ing current whose effective value is a third voltage value
(which is assumed to be V3 herein), the PFC circuit is
configured to implement rectification and voltage boost-
ing while implementing power factor correction, to output
a direct current with a first voltage value (which is as-
sumed to be V1 herein). The first voltage value V1 is
greater than the third voltage value V3. In the direct cur-
rent power supply scenario, when the PFC circuit inputs
a direct current with a first voltage value V1, the PFC
circuit is configured to implement inversion and voltage
bucking, to output an alternating current whose effective
value is a third voltage value V3.
[0036] For example, FIG. 1 is a schematic diagram of
a structure of a three-phase power supply system ac-
cording to an embodiment of this application. The three-
phase power supply system includes a three-phase al-
ternating current source 10, a PFC circuit 20, a DC/DC
converter 30, and a direct current load 40. As shown in
FIG. 1, an input side of the PFC circuit 20 is connected
to the three-phase alternating current source 10, and an
output side of the PFC circuit 20 is connected to an input
side of the DC/DC converter 30. An output side of the
DC/DC converter 30 is connected to the direct current
load 40. An alternating current power supply scenario is
used as an example. In actual working, the three-phase
alternating current source 10 may provide an alternating
current whose effective value is a third voltage value V3
for the PFC circuit 20. According to the PFC circuit control
method provided in this application, the PFC circuit 20
may perform voltage boosting and rectification on the
alternating current to obtain a direct current with a first
voltage value V1, and then provide the direct current with
the first voltage value V1 to the DC/DC converter 30. The
DC/DC converter 30 converts the input direct current into
a direct current with a second voltage value (which is
assumed to be V2 herein) required by the direct current
load 40, and provides the direct current with the second
voltage value to the direct current load 40, so that the
direct current load 40 can work normally.
[0037] In actual application, the three-phase alternat-
ing current source 10 may be a device that provides an
alternating current for the PFC circuit 20, for example, a
home transformer, a home meter, or a DC/AC converter
(direct-current /alternating current converter). The direct

current load 40 may be an energy storage battery (for
example, a nickel-cadmium battery, a nickel-hydrogen
battery, a lithium-ion battery, or a lithium polymer bat-
tery), a solar cell, or another DC/DC converter (for ex-
ample, a BUCK converter, a BOOST converter, or a
BUCK-BOOST converter). The direct current load 40
may alternatively be an artificial intelligence chip, an im-
age processor, a mobile phone terminal, a photovoltaic
inverter, an electric vehicle, or the like. Implementation
forms of the three-phase alternating current source 10
and the direct current load 40 are not specifically limited
in this application.
[0038] It should be understood that the foregoing is
merely an example of a usage scenario of the PFC circuit
provided in this application, and is not exhaustive. The
PFC circuit provided in this embodiment of this applica-
tion may be further used in another power supply sce-
nario in which rectification or inversion needs to be per-
formed.
[0039] Herein, the structure and the control method of
the PFC circuit provided in this application are the same
in both the direct current power supply scenario and the
alternating current power supply scenario. Therefore, the
following describes in detail the structure and the control
method of the PFC circuit provided in this application by
using an example in which the PFC circuit works in the
alternating current power supply scenario (to be specific,
the alternating current whose effective value is the third
voltage value V3 is input and the direct current with the
first voltage value V1 is output).
[0040] To facilitate description of the PCF circuit con-
trol method provided in this application, the following first
describes the structure of the PFC circuit provided in this
embodiment of this application.
[0041] FIG. 2 is a schematic diagram of a structure of
a PFC circuit according to an embodiment of this appli-
cation. As shown in FIG. 2, the PFC circuit 20 may include
an alternating current module 21, a power factor correc-
tion module 22, a direct current module 23, and a control
module 24. The power factor correction module 22 may
include a three-phase correction circuit connected in par-
allel, namely, a single-phase correction circuit 221, a sin-
gle-phase correction circuit 222, and a single-phase cor-
rection circuit 223. Each single-phase correction circuit
in the foregoing three-phase correction circuit includes
at least one inductor and four bridge arms. Because
structures of all single-phase correction circuits are the
same, and the three single-phase circuits are connected
in parallel between the alternating current module 21 and
the direct current module 23 in a same connection man-
ner, the following further describes a specific structure
of the PFC circuit 20 by using the single-phase correction
circuit 221 as an example.
[0042] Still refer to FIG. 2. The single-phase correction
circuit 221 may specifically include a first inductor L1, a
first bridge arm 224, a second bridge arm 225, a third
bridge arm 226, and a fourth bridge arm 227. One single-
phase input/output terminal (for ease of differentiation,
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an A-phase input/output terminal is used as a replace-
ment for description below) in three single-phase in-
put/output terminals of the alternating current module 21
is connected to one end of the first inductor L1. The other
end of the first inductor L1 is connected to a bridge arm
midpoint of the first bridge arm 224 (for ease of differen-
tiation, a first bridge arm midpoint is used as a replace-
ment for description below). It should be noted herein
that the bridge arm midpoint in this embodiment of this
application is mainly a symmetry point of the bridge arm.
For example, it is assumed that the bridge arm includes
two switching transistors connected in series, a connec-
tion point between the two switching transistors connect-
ed in series is the bridge arm midpoint of the bridge arm.
Similarly, if the bridge arm includes four switching tran-
sistors connected in series, a connection point between
two switching transistors, located on an inner side, in the
four switching transistors connected in series is the
bridge arm midpoint of the bridge arm. The first bridge
arm 224 and the second bridge arm 225 are connected
in parallel. In addition, a parallel connection point (which
is replaced with a first parallel connection point below)
between the first bridge arm 224 and the second bridge
arm 225 is connected to one end of the third bridge arm
226, and another parallel connection point (which is re-
placed with a second parallel connection point below)
between the first bridge arm 224 and the second bridge
arm 225 is connected to one end of the fourth bridge arm
227. It should be noted herein that the parallel connection
point in this embodiment of this application mainly means
a connection that enables two bridge arms to be con-
nected in parallel. For example, it is assumed that a first
end of a bridge arm 1 is connected to a first end of a
bridge arm 2, and a second end of the bridge arm 1 is
also connected to a second end of the bridge arm 2, so
that the bridge arm 1 and the bridge arm 2 are connected
in parallel. In this case, it is assumed that the connected
first end and the connected second end between the
bridge arm 1 and the bridge arm 2 are two parallel con-
nection points. The other end of the third bridge arm 226
is connected to a positive bus (namely, BUS+) of the
direct current module 23, and the other end of the fourth
bridge arm 227 is connected to a negative bus (namely,
BUS-) of the direct current module 23. A midpoint or an
imaginary midpoint of the alternating current module 21
is connected to the second bridge arm midpoint and the
direct current module 23. The control module 24 is further
separately connected to third ends of switching transis-
tors included in the first bridge arm 224, the second bridge
arm 225, the third bridge arm 226, and the fourth bridge
arm 227.
[0043] It should be noted herein that, in this embodi-
ment of this application, the midpoint (which also referred
to as a neutral point) of the alternating current module
21 is a point in a winding of a transformer or a generator
corresponding to the alternating current module 21, and
absolute values of voltages between this point and in-
put/output terminals of each phase of the alternating cur-

rent module 21 are equal. The imaginary midpoint (which
also referred to as a virtual neutral point) of the alternating
current module 21 is a common connection point at which
the input/output terminals of each phase of the alternating
current module 21 are connected together through a cor-
responding capacitor, and absolute values of voltages
between the common connection point and the input/out-
put terminals of each phase of the alternating current
module 21 are equal.
[0044] In actual working, the first inductor L1, the first
bridge arm 224, the second bridge arm 225, the third
bridge arm 226, and the fourth bridge arm 227 in the
single-phase correction circuit 221 form a boost rectifier
circuit. The first bridge arm 224 is a low-frequency recti-
fication function area, the second bridge arm 225 is a
high-frequency rectification function area, and the third
bridge arm 226 and the fourth bridge arm 227 are used
as freewheeling transistors. Under control of the switch-
ing transistors in the first bridge arm 224, the second
bridge arm 225, the third bridge arm 226, and the fourth
bridge arm 227 by using the control module 24, the single-
phase correction circuit 221 may perform voltage boost-
ing and rectification on a single-phase alternating current
(which is assumed to be an A-phase alternating current
herein) of a third voltage value V3 flowing from the first
inductor L1, and output a direct current of a first voltage
value V1 to the direct current module 23. A voltage of the
positive bus of the direct current module 23 is +(V1/2),
and a voltage of the negative bus is -(V1/2), that is, a
voltage drop value between the positive bus and the neg-
ative bus is V1.
[0045] Further, FIG. 3 is a schematic diagram of an-
other structure of the PFC circuit according to an embod-
iment of this application. As shown in FIG. 3, the first
bridge arm 224 may specifically include a first switching
transistor S 1 and a second switching transistor S2 con-
nected in series, the second bridge arm 225 may specif-
ically include a third switching transistor S3 and a fourth
switching transistor S4 connected in series, and the third
bridge arm may specifically include a fifth switching tran-
sistor S5, and the fourth switching transistor may specif-
ically include a sixth switching transistor S6. The first
bridge arm midpoint of the first bridge arm 224 is a con-
nection point between a first end of the first switching
transistor S 1 and a second end of the second switching
transistor S2, and the first parallel connection point is a
connection point between a second end of the first switch-
ing transistor S1 and a first end of the third switching
transistor S3. The second parallel connection point be-
tween the first bridge arm 224 and the second bridge arm
225 is a connection point between the second end of the
second switching transistor S2 and a first end of the fourth
switching transistor S4. The second bridge arm midpoint
of the second bridge arm 225 is a connection point be-
tween a second end of the third switching transistor S3
and a second end of the fourth switching transistor S4.
A first end of the fifth switching transistor S5 is connected
to the first parallel connection point, a second end of the
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fifth switching transistor S5 is connected to the positive
bus BUS+, a first end of the sixth switching transistor S6
is connected to the second parallel connection point, and
a second end of the sixth switching transistor S6 is con-
nected to the negative bus BUS-. Third ends of the first
switching transistor S1, the second switching transistor
S2, the third switching transistor S3, the fourth switching
transistor S4, the fifth switching transistor S5, and the
sixth switching transistor S6 are separately connected to
the control module 24. The second bridge arm midpoint
formed by the second end of the third switching transistor
S3 and the second end of the fourth switching transistor
S4 is connected to the midpoint or the imaginary midpoint
provided by the alternating current module 21. The con-
trol module 24 may control turn-on or turn-off of each
switching transistor by using a third end of each switching
transistor. Therefore, the third end of each switching tran-
sistor may also be understood as a control end of each
switching transistor.
[0046] Optionally, the direct current module 23 may
further include a first capacitor C1 and a second capacitor
C2 connected in series. A first end of the first capacitor
C1 and a first end of the second capacitor C2 are simul-
taneously connected to the midpoint or the imaginary
midpoint provided by the alternating current module 21.
A second end of the first capacitor C1 is connected to
the positive bus BUS+. A second end of the second ca-
pacitor C2 is connected to the negative bus BUS-. In
actual application, the first end of the first capacitor C1
and the second capacitor C2 are used as energy storage
devices in the direct current module 23. When the entire
PFC circuit reaches a steady state, voltages at both ends
of the first capacitor C1 and the second capacitor are
steady at V1/2, so that a steady voltage drop of V1 exists
between the positive bus BUS+ and the negative bus
BUS-.
[0047] Optionally, the alternating current module 21
may specifically include a first alternating current source
2101, a second alternating current source 2102, and a
third alternating current source 2103. A first end of the
first alternating current source 2101, a first end of the
second alternating current source 2102, and a first end
of the third alternating current source 2103 are connect-
ed, and are used as the midpoint. A second end of the
first alternating current source 2101 is connected to the
first inductor L1 as the A-phase input/output terminal. A
second end of the second alternating current source
2102, as another phase input/output terminal (which is
assumed to be a B-phase input/output terminal herein)
of the alternating current module 21, is connected to an
inductor (for ease of differentiation, a second inductor L2
is used as a replacement for description below) in the
single-phase correction circuit 222. A second end of the
third alternating current source 2103, as another phase
input/output terminal (it is assumed to be a C-phase in-
put/output terminal herein) of the alternating current mod-
ule 21, is connected to an inductor (for ease of differen-
tiation, a third inductor L2 is used as a replacement for

description below) in the single-phase correction circuit
223.
[0048] Optionally, FIG. 4 is a schematic diagram of a
structure of a control module according to an embodi-
ment of this application. As shown in FIG. 4, the control
module 24 may specifically include a controller 241, a
current detection unit 242, and/or a voltage detection unit
243. The controller 241 is connected to control ends of
switching transistors (namely, the switching transistors
in the first bridge arm 224, the second bridge arm 225,
the third bridge arm 226, and the fourth bridge arm 227)
included in each single-phase correction circuit, and the
control module 24 may control, by using the controller
241, turn-on or turn-off of the switching transistors includ-
ed in each single-phase correction circuit. The controller
241 is further separately connected to the current detec-
tion unit 242 and the voltage detection unit 243. The cur-
rent detection unit 242 is further connected to one end
of the first inductor in each single-phase correction circuit.
The current detection unit 242 is configured to detect a
current flowing through the first inductor connected to the
current detection unit 242, and provide a corresponding
current detection result to the controller 241. The voltage
detection unit 243 is further separately connected to two
ports other than the control end of any switching transistor
on which voltage detection needs to be performed in each
single-phase circuit. The voltage detection unit 243 is
configured to detect a voltage between the two ports oth-
er than the control end of the any switching transistor,
and provide a corresponding voltage detection result to
the controller 241. The controller 241 may be configured
to control, based on the current detection result and/or
the voltage detection result, turn-on or turn-off of the
switching transistors included in the single-phase correc-
tion circuits.
[0049] The following uses the single-phase correction
circuit 221 as an example. It is assumed that the first
inductor L1 needs to perform current detection, and the
third switching transistor S3 needs to perform voltage
detection. In specific implementation, gates of the first
switching transistor S1, the second switching transistor
S2, the third switching transistor S3, the fourth switching
transistor S4, the fifth switching transistor S5, and the
sixth switching transistor S6 are separately connected to
the controller 241. One end of the current detection unit
242 is connected to one end of the first inductor L1, and
the other end is connected to the controller 241. One end
of the voltage detection unit 243 is connected to the con-
troller 241, and the other two ends are respectively con-
nected to the drain and the source of the third switching
transistor S3. In actual working, the current detection unit
242 may detect a current flowing through the first inductor
L1, and provide a detection result to the controller 241.
The voltage detection unit 243 may detect a voltage value
between the source and the drain of the third switching
transistor S3, and provide the voltage value to the con-
troller 241.
[0050] It should be understood that the foregoing de-
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scribes a connection relationship between the current
detection unit 242 and the voltage detection unit 243 and
a corresponding function by using only an inductor or a
switching transistor in the single-phase correction circuit
221 as an example. In actual implementation, the current
detection unit 242 may alternatively be connected to in-
ductors in the single-phase correction circuit 222 and the
single-phase correction circuit 223, and implement a cor-
responding current detection function. Similarly, the volt-
age detection unit 243 may alternatively be connected
to switching transistors in the single-phase correction cir-
cuit 222 and the single-phase correction circuit 223, and
implement a corresponding voltage detection function. It
should be understood herein that different application
manners of the current detection unit 242 and the voltage
detection unit 243 in the PFC circuit provided in this ap-
plication may be directly deduced from the examples pro-
vided above. Details are not described in this application
again.
[0051] It should be noted that, when current detection
or voltage detection does not need to be performed, the
control module 24 may not include the current detection
unit 242 or the voltage detection unit 243. In other words,
whether the control module 24 includes the current de-
tection unit 242 or the voltage detection unit 243 may be
set based on an actual application requirement. This is
not specifically limited in this application.
[0052] It should be further noted that the switching tran-
sistor in the PFC circuit provided in this application may
be specifically an insulated gate device, for example, an
insulated gate bipolar transistor (insulated gate bipolar
transistor, IGBT) or a metal-oxide semiconductor field-
effect transistor (metal-oxide-semiconductor field-effect
transistor, MOSFET). These switching transistors may
alternatively be wide-bandgap semiconductor devices,
such as silicon carbide and gallium nitride. This is not
specifically limited in this application. The controller 241
in the PFC circuit provided in this application may include
a discrete component or a logic device, for example, a
complex programmable logic device (complex program-
mable logic device, CPLD), a field-programmable gate
array (filed-programmable gate array, FPGA), a single-
chip microcomputer, or a digital signal processor (digital
signal processor, DSP). This is not specifically limited in
this application.
[0053] The foregoing describes the structure of the
PFC circuit provided in this application by using the sin-
gle-phase correction circuit 221 as an example. It may
be understood herein that structures and functions of the
single-phase correction circuit 222 and the single-phase
correction circuit 223 are the same as those of the single-
phase correction circuit 221, and a difference lies in that
the single-phase correction circuit 222 and the single-
phase correction circuit 223 separately input two single-
phase alternating currents (namely, the B-phase alter-
nating current and the C-phase alternating current de-
scribed above) other than the A-phase alternating current
in the three-phase alternating currents provided by the

alternating current module 21. Under control of the con-
trol module 24, the single-phase correction circuit 222
can convert the input B-phase alternating current into a
direct current with the first voltage value V1, and output
the direct current to the positive bus and the negative
bus of the direct current module 23. Similarly, under con-
trol of the control module 24, the single-phase correction
circuit 223 can also convert the input C-phase alternating
current into a direct current with the first voltage value
V1, and output the direct current to the positive bus and
the negative bus of the direct current module 23. In actual
implementation, structures of the single-phase correction
circuit 222 and the single-phase correction circuit 223
are the same as the structure of the single-phase correc-
tion circuit 221, and connection relationships between
components included in the single-phase correction cir-
cuit 222 and the single-phase correction circuit 223 are
also the same as those of the single-phase correction
circuit 221.
[0054] For example, FIG. 5 is a schematic diagram of
another structure of the PFC circuit according to an em-
bodiment of this application. Herein, FIG. 5 is a schematic
diagram of a complete structure of the PFC circuit ac-
cording to an embodiment of this application. As shown
in FIG. 5, the single-phase correction circuit 222 may
alternatively include one inductor and four bridge arms
(it is assumed herein that a fifth bridge arm, a sixth bridge
arm, a seventh bridge arm, and an eighth bridge arm are
included), and the inductor may be a second inductor L2.
The fifth bridge arm may include a seventh switching tran-
sistor S7 and an eighth switching transistor S8 connected
in series, the sixth bridge arm may include a ninth switch-
ing transistor S9 and a tenth switching transistor S10
connected in series, the seventh bridge arm may include
an eleventh switching transistor S11, and the eighth
bridge arm may include a twelfth switching transistor S12.
Herein, similar to the single-phase correction circuit 221,
a first end of the seventh switching transistor S7 is con-
nected to a first end of the eighth switching transistor S8,
a second end of the seventh switching transistor S7 is
connected to a first end of the eleventh switching tran-
sistor S11, and a second end of the eleventh switching
transistor S11 is connected to the positive bus BUS+ of
the direct current module 23. A second end of the eighth
switching transistor S8 is connected to a first end of the
twelfth switching transistor S12, and a second end of the
twelfth switching transistor S 12 is connected to the neg-
ative bus BUS- of the direct current module 23. A first
end of the ninth switching transistor S9 is connected to
a first end of the tenth switching transistor S10, a second
end of the ninth switching transistor S9 is connected to
the first end of the eleventh switching transistor S11, and
a second end of the tenth switching transistor S10 is con-
nected to the first end of the twelfth switching transistor
S12. Third ends of the seventh switching transistor S7,
the eighth switching transistor S8, the ninth switching
transistor S9, the tenth switching transistor S10, the elev-
enth switching transistor S11, and the twelfth switching
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transistor S12 are separately connected to the control
module 24. The second ends of the ninth switching tran-
sistor S9 and the tenth switching transistor S10 are also
simultaneously connected to the midpoint provided by
the alternating current module 21.
[0055] Similarly, the single-phase correction circuit
223 may alternatively include one inductor and four
bridge arms (it is assumed herein that a ninth bridge arm,
a tenth bridge arm, an eleventh bridge arm, and a twelfth
bridge arm are included). Specifically, the inductor may
be a third inductor L3. The ninth bridge arm may include
a thirteenth switching transistor S13 and a fourteenth
switching transistor S14 connected in series, the tenth
bridge arm may include a fifteenth switching transistor
S15 and a sixteenth switching transistor S16 connected
in series, the eleventh bridge arm may include a seven-
teenth switching transistor S17, and the twelfth bridge
arm may include an eighteenth switching transistor S18.
Herein, similar to the single-phase correction circuit 221,
a first end of the thirteenth switching transistor S13 is
connected to a first end of the fourteenth switching tran-
sistor S14, a second end of the thirteenth switching tran-
sistor S13 is connected to a first end of the seventeenth
switching transistor S17, and a second end of the sev-
enteenth switching transistor S17 is connected to the
positive bus BUS+ of the direct current module 23. A
second end of the fourteenth switching transistor S14 is
connected to a first end of the eighteenth switching tran-
sistor S18, and a second end of the eighteenth switching
transistor S18 is connected to the negative bus BUS- of
the direct current module 23. A first end of the fifteenth
switching transistor S15 is connected to a first end of the
sixteenth switching transistor S16, a second end of the
fifteenth switching transistor S15 is connected to the first
end of the seventeenth switching transistor S17, and a
second end of the sixteenth switching transistor S16 is
connected to the first end of the eighteenth switching
transistor S18. Third ends of the thirteenth switching tran-
sistor S13, the fourteenth switching transistor S14, the
fifteenth switching transistor S15, the sixteenth switching
transistor S16, the seventeenth switching transistor S17,
and the eighteenth switching transistor S18 are sepa-
rately connected to the control module 24. The second
ends of the fifteenth switching transistor S15 and the six-
teenth switching transistor S16 are also simultaneously
connected to the midpoint provided by the alternating
current module 21.
[0056] It may be understood that FIG. 5 shows the
structure of the PFC circuit in a scenario in which the
alternating current module 21 provides the midpoint. In
some optional implementations, the alternating current
module 21 may alternatively provide an imaginary mid-
point. For example, FIG. 6 is a schematic diagram of
another structure of the PFC circuit according to an em-
bodiment of this application. Herein, FIG. 6 is a schematic
diagram of another complete structure of the PFC circuit
according to an embodiment of this application in a sce-
nario in which the alternating current module 21 provides

the imaginary midpoint. As shown in FIG. 6, the alternat-
ing current module 21 may further include a third capac-
itor C3, a fourth capacitor C4, and a fifth capacitor C5. A
first end of the third capacitor C3 is separately connected
to one end of the first alternating current source 2101
and one end of the first inductor L1, a first end of the
fourth capacitor C4 is separately connected to one end
of the second alternating current source 2102 and one
end of the second inductor L2, a first end of the fifth ca-
pacitor C5 is separately connected to one end of the third
alternating current source 2103 and one end of the third
inductor L3, and a second end of the third capacitor C3,
a second end of the fourth capacitor C4, and a second
end of the fifth capacitor C5 are simultaneously connect-
ed to the power factor correction module 22 and the direct
current module 23 as the imaginary midpoint of the al-
ternating current module 21.
[0057] The foregoing describes the structure of the
PFC circuit and functions of each component provided
in embodiments of this application with reference to FIG.
2 to FIG. 6. The following describes in detail an imple-
mentation process of the PFC circuit control method pro-
vided in this application with reference to the foregoing
described structure of the PFC circuit.
[0058] FIG. 7 is a schematic flowchart of a PFC circuit
control method according to an embodiment of this ap-
plication. The PFC circuit control method may be specif-
ically performed by the control module 24 described
above. It should be noted herein that, because the single-
phase correction circuit 221, the single-phase correction
circuit 222, and the single-phase correction circuit 223 in
the power factor correction module 22 all use the PFC
circuit control method provided in this embodiment of this
application, to avoid repetition, the following uses the sin-
gle-phase correction circuit 221 as an example to de-
scribe in detail a specific implementation process of the
PFC circuit control method provided in this application.
In addition, switching frequencies of the third switching
transistor S3, the fourth switching transistor S4, the fifth
switching transistor S5, and the sixth switching transistor
S6 are far greater than a frequency of the A-phase alter-
nating current. Therefore, when the following discusses
change of a circuit state caused by turn-on or turn-off of
the switching transistors, it may be considered that the
voltage value of the A-phase alternating current is main-
tained at the third voltage value V3 and does not change.
As shown in FIG. 7, the method includes the following
steps.
[0059] S701: A control module determines whether an
alternating current on a single-phase input/output termi-
nal is in a positive half cycle or a negative half cycle.
[0060] In some feasible implementations, the control
module 24 in the PFC circuit 20 may first determine
whether the alternating current (namely, the A-phase al-
ternating current) flowing through the single-phase in-
put/output terminal (namely, the foregoing A-phase in-
put/output terminal) is in the positive half cycle or the
negative half cycle. If the control module 24 determines
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that the A-phase alternating current is in the positive half
cycle, the control module 24 may determine to perform
the following step S702.
[0061] It should be noted herein that, in this embodi-
ment of this application, the alternating current flowing
through each single-phase input/output terminal of the
alternating current module 21 changes periodically, and
each cycle of the alternating current may be divided into
a positive half cycle and a negative half cycle based on
a current direction. A cycle Tn of the A-phase alternating
current is used as an example. The current direction is
a time period in which the current flows out of the single-
phase input/output terminal of the alternating current
module 21 and flows in the midpoint or the imaginary
midpoint of the alternating current module 21, that is, a
positive half cycle corresponding to the cycle Tn. It may
also be understood that, in this time period, the A-phase
alternating current is in a positive half cycle. The current
direction is a time period in which the current flows out
of the midpoint or the imaginary midpoint of the alternat-
ing current module 21 and flows in the single-phase in-
put/output terminal of the alternating current module 21,
that is, a negative half cycle corresponding to the cycle
Tn. It may also be understood that, in this time period,
the A-phase alternating current is in a negative half cycle.
[0062] S702: The control module turns on or turns off
switching transistors on the first bridge arm and the sec-
ond bridge arm if determining that the alternating current
is in the positive half cycle, to boost a first voltage at the
first parallel connection point.
[0063] In some feasible implementations, when the
control module 24 determines that the A-phase alternat-
ing current is in a positive half cycle (which is assumed
to be a positive half cycle T1 herein), the control module
may turn on or turn off the switching transistors on the
first bridge arm 224 and the second bridge arm 225, to
boost the first voltage at the first parallel connection point
based on a freewheeling function of the first inductor L1.
It should be noted that, because a plurality of positive
half cycles exist in the A-phase alternating current, and
control logic in each positive half cycle is the same, a
positive half cycle T1 is used as an example for descrip-
tion in the following part. Herein, this embodiment of this
application provides a plurality of optional implementa-
tions of boosting the first voltage. The following separate-
ly describes the plurality of implementations in detail.

Implementation 1

[0064] When the control module 24 determines that
the A-phase alternating current is in the positive half cycle
T1, the control module 24 may keep the first switching
transistor S1 in a turn-on state in the positive half cycle
T1. In other words, when the control module 24 deter-
mines that the A-phase alternating current is at a start
moment of the positive half cycle T1, that is, the first
switching transistor S1 is turned on, the turn-on state
lasts until an end moment of the positive half cycle T1

expires. In addition, the control module 24 may further
turn off the second switching transistor S2, the fourth
switching transistor S4, and the sixth switching transistor
S6.
[0065] Optionally, in a turn-on state of the first switch-
ing transistor S1, when the control module 24 determines
that a first preset moment (which is assumed to be t1
herein) expires, the control module 24 may turn on the
third switching transistor S3. Herein, the first preset mo-
ment t1 is included in the positive half cycle T1.
[0066] Optionally, in a turn-on state of the first switch-
ing transistor S1, the control module 24 may alternatively
turn on the third switching transistor S3 when determining
that a voltage at the first parallel connection point is equal
to a voltage at the second bridge arm midpoint. It may
be understood herein that a voltage drop between the
first parallel connection point and the second bridge arm
midpoint is essentially a voltage (which is assumed to be
VS3 herein) between the source and the drain of the third
switching transistor S3. For ease of description, the volt-
age between the source and the drain of the switching
transistor is collectively referred to as a terminal voltage
of the switching transistor in the following part. Therefore,
in specific implementation, the control module 24 may
detect the terminal voltage VS3 of the third switching tran-
sistor S3 in real time by using the voltage detection unit
243. When the voltage detection unit 243 detects that
the terminal voltage VS3 of the third switching transistor
S3 is zero, the control module 24 may determine that the
voltage at the first parallel connection point is equal to
the voltage at the third parallel connection point. Herein,
the third switching transistor S3 is turned on when volt-
ages at two ends of the third switching transistor S3 are
the same. That is, zero voltage turn-on of the third switch-
ing transistor S3 is implemented, and a switching loss of
the PFC circuit can be reduced.
[0067] Further, FIG. 8 is a schematic diagram of a cir-
cuit status according to an embodiment of this applica-
tion. After the third switching transistor S3 is turned on,
a current loop passes through the first inductor L1, the
first switching transistor S1, the third switching transistor
S3, and an alternating current source 2101, and a current
direction is a preset first current direction. In this case,
the first inductor L1 is in a charging state, and a current
(for ease of differentiation, the first current is used as a
replacement for description below) flowing through the
first inductor L1 gradually increases in the first current
direction.
[0068] It should be noted herein that, when the entire
PFC circuit does not enter a steady state, the control
module 24 may preferentially determine, based on
whether the first preset moment expires, whether to turn
on the third switching transistor S3. After the entire PFC
circuit enters the steady state, the control module 24 may
preferentially determine, based on whether the voltage
at the first parallel connection point is equal to the voltage
at the second bridge arm midpoint (that is, whether the
terminal voltage VS3 is zero), whether to turn on the third
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switching transistor S3.
[0069] Further, when the control module 24 deter-
mines that the current (which is assumed to be the first
current herein) flowing through the first inductor is equal
to a second preset current, the control module 24 may
turn off the third switching transistor S3. Herein, a current
direction of the second preset current is the first current
direction, and a magnitude of the second preset current
may be a preset second current value (which is assumed
to be i2 herein). In other words, when the control module
24 determines that a direction of the first current is the
first current direction and a current value of the first cur-
rent is the second current value i2, the third switching
transistor S3 may be turned off. It should be understood
herein that, in real-time working, a factor such as a de-
tection error is considered. When a difference between
the current value of the first current and the second cur-
rent value i2 is within an allowed error range, it may also
be considered that the current value of the first current
is equal to the second current value i2. Similarly, when
a detected current value is compared with a preset cur-
rent value in the following, if a difference between the
detected current value and the preset current value is
within an allowed error range, it may also be considered
that the detected current value is equal to the preset cur-
rent value. To avoid repetition, this case is not described
again in the following part.
[0070] FIG. 9 is a schematic diagram of another circuit
status according to an embodiment of this application.
As shown in FIG. 9, after the control module 24 turns off
the third switching transistor S3, the first inductor L1 starts
to release energy stored in the first inductor L1. However,
due to the freewheeling characteristic of the inductor, the
current direction of the first inductor L1 is still the first
current direction. In a process in which the first inductor
L1 releases energy, electric energy released by the first
inductor L1 charges a parasitic capacitor (which is as-
sumed to be C6 herein) of the third switching transistor
S3 and a parasitic capacitor (which is assumed to be C7
herein) of the fifth switching transistor S5 through the first
parallel connection point. As charging continues, the first
voltage at the first parallel connection point gradually in-
creases. In this way, the first voltage is boosted.

Implementation 2

[0071] When the control module 24 determines that
the A-phase alternating current is in the positive half cycle
T1, the control module 24 may keep the first switching
transistor S1 and the fourth switching transistor S4 in a
turn-on state in the positive half cycle T1. In other words,
when the control module 24 determines that the A-phase
alternating current is at a start moment of the positive
half cycle T1, that is, the first switching transistor S1 and
the fourth switching transistor S4 are turned on, the turn-
on state lasts until an end moment of the positive half
cycle T1 expires. In addition, the control module 24 may
further turn off the sixth switching transistor S6.

[0072] Optionally, when the first switching transistor S1
and the fourth switching transistor S4 are turned on, the
control module 24 may turn on the second switching tran-
sistor S2 and the third switching transistor S3 when de-
termining that the first preset moment t1 expires. Herein,
for a description of the first preset moment t1, refer to the
foregoing description. Details are not described herein
again.
[0073] Optionally, the control module 24 may alterna-
tively turn on the second switching transistor S2 and the
third switching transistor S3 when determining that the
voltage at the first parallel connection point is equal to
the voltage at the second bridge arm midpoint. Herein,
for a specific process in which the control module 24 de-
termines that the voltage at the first parallel connection
point is equal to the voltage at the second bridge arm
midpoint, refer to the foregoing described process. De-
tails are not described herein again. Herein, when the
voltage at the first parallel connection point is equal to
the voltage at the second bridge arm midpoint, a voltage
drop at two ends of the third switching transistor S3 and
the second switching transistor S2 is zero. In this case,
the second switching transistor S2 and the third switching
transistor S3 are turned on. That is, zero voltage turn-on
of the second switching transistor S2 and the third switch-
ing transistor S3 is implemented, and a switching loss of
the PFC circuit can be further reduced. In addition, be-
cause a parallel loop exists between the first bridge arm
midpoint and the second bridge arm midpoint, an equiv-
alent resistance value between the first bridge arm mid-
point and the second bridge arm midpoint becomes
smaller. This can further reduce a turn-on loss of the PFC
circuit.
[0074] It should be noted that, when the entire PFC
circuit does not enter a steady state, the control module
24 may preferentially determine, based on whether the
first preset moment t1 expires, whether to turn on the
second switching transistor S2 and the third switching
transistor S3. After the entire PFC circuit enters the
steady state, the control module 24 may preferentially
determine, based on whether the voltage at the first par-
allel connection point is equal to the voltage at the second
bridge arm midpoint, whether to turn on the second
switching transistor S2 and the third switching transistor
S3.
[0075] FIG. 10 is a schematic diagram of another circuit
status according to an embodiment of this application.
As shown in FIG. 10, after the second switching transistor
S2 and the third switching transistor S3 are turned on,
there are two current loops (which are assumed to be a
first current loop and a second current loop herein), and
current directions in the two current loops are both the
first current direction. The first current loop passes
through the first inductor L1, the first switching transistor
S1, the third switching transistor S3, and the alternating
current source 2101, and the second current loop passes
through the first inductor L1, the second switching tran-
sistor S2, the fourth switching transistor S4, and the al-
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ternating current source 2101. In this case, the first in-
ductor L1 is in a charging state, and the first current flow-
ing through the first inductor L1 gradually increases in
the first current direction.
[0076] Further, when the control module 24 deter-
mines that the first current flowing through the first induc-
tor is equal to a second preset current, the control module
24 may turn off the second switching transistor S2 and
the third switching transistor S3. Refer to FIG. 9. After
the control module 24 turns off the second switching tran-
sistor S2 and the third switching transistor S3, the first
inductor L1 starts to release energy stored in the first
inductor L1. However, due to the freewheeling charac-
teristic of the inductor, the current direction of the first
inductor L1 is still the first current direction. In a process
in which the first inductor L1 releases energy, electric
energy released by the first inductor L1 charges a para-
sitic capacitor C6 of the third switching transistor S3, a
parasitic capacitor C7 of the fifth switching transistor S5,
and a parasitic capacitor C8 of the second switching tran-
sistor S2. As charging continues, the first voltage at the
first parallel connection point gradually increases. In this
way, the first voltage is boosted.

Implementation 3

[0077] When the control module 24 determines that
the A-phase alternating current is in the positive half cycle
T1, the control module 24 may keep the first switching
transistor S1 and the fourth switching transistor S4 in a
turn-on state in the positive half cycle T1. In addition, the
control module 24 may further turn off the sixth switching
transistor S6.
[0078] Optionally, when the first switching transistor S1
and the fourth switching transistor S4 are turned on, the
control module 24 may turn on the third switching tran-
sistor S3 when determining that the first preset moment
t1 expires. Herein, for a description of the first preset
moment t1, refer to the foregoing description. Details are
not described herein again.
[0079] Optionally, the control module 24 may alterna-
tively turn on the third switching transistor S3 when de-
termining that the voltage at the first parallel connection
point is equal to the voltage at the second bridge arm
midpoint. Herein, for a specific process in which the con-
trol module 24 determines that the voltage at the first
parallel connection point is equal to the voltage at the
second bridge arm midpoint, refer to the foregoing de-
scribed process. Details are not described herein again.
Herein, when the voltage at the first parallel connection
point is equal to the voltage at the second bridge arm
midpoint, a voltage drop at two ends of the third switching
transistor S3 is zero. In this case, the third switching tran-
sistor S3 is turned on. That is, zero voltage turn-on of the
third switching transistor S3 is implemented, and a
switching loss of the PFC circuit can be reduced.
[0080] It should be noted that, when the entire PFC
circuit does not enter a steady state, the control module

24 may preferentially determine, based on whether the
first preset moment t1 expires, whether to turn on the
third switching transistor S3. After the entire PFC circuit
enters the steady state, the control module 24 may pref-
erentially determine, based on whether the voltage at the
first parallel connection point is equal to the voltage at
the second bridge arm midpoint, whether to turn on the
third switching transistor S3.
[0081] Further, the control module 24 turns on the sec-
ond switching transistor S2 when determining that first
preset duration (which is assumed to be dt1 herein) ex-
pires. A start moment of the first preset duration d11 is
a turn-on moment of the third switching transistor. Herein,
because the first switching transistor S1, the third switch-
ing transistor S3, and the fourth switching transistor S4
are already turned on before the second switching tran-
sistor S2 is turned on, the second switching transistor S2
is turned on when a voltage drop at two ends is zero.
That is, zero voltage turn-on of the second switching tran-
sistor S2 is implemented, and a switching loss of the PFC
circuit can be reduced. In addition, a parallel loop exists
between the first bridge arm midpoint and the second
bridge arm midpoint after the second switching transistor
S2 is turned on, and therefore an equivalent resistance
value between the first bridge arm midpoint and the sec-
ond bridge arm midpoint becomes smaller. This can fur-
ther reduce a turn-on loss of the PFC circuit.
[0082] Refer to FIG. 10. After the second switching
transistor S2 is also turned on, two current loops exist in
the circuit, and current directions in the two current loops
are both the first current direction. In this case, the first
inductor L1 is in a charging state, and the first current
flowing through the first inductor L1 gradually increases
in the first current direction.
[0083] Further, the control module 24 may turn off the
second switching transistor S2 when determining that
second preset duration (which is assumed to be dt2 here-
in) expires. A start moment of the second preset duration
dt2 is a turn-on moment of the second switching transistor
S2. It can be understood herein that, because the first
switching transistor S1 and the third switching transistor
S3 are still in a turn-on state when the second switching
transistor S2 is turned off, the second switching transistor
S2 is turned off when a zero voltage exists. This further
implements zero voltage turn-off of the second switching
transistor S2, and further reduces a switching loss of the
PFC circuit.
[0084] Further, when the control module 24 deter-
mines that the first current flowing through the first induc-
tor is equal to a second preset current, the control module
24 may turn off the third switching transistor S3. Refer to
FIG. 9. After the control module 24 turns off the third
switching transistor S3, the first inductor L1 starts to re-
lease energy stored in the first inductor L1. However, due
to the freewheeling characteristic of the inductor, the cur-
rent direction of the first inductor L1 is still the first current
direction. In a process in which the first inductor L1 re-
leases energy, electric energy released by the first in-
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ductor L1 charges a parasitic capacitor C6 of the third
switching transistor S3, a parasitic capacitor C7 of the
fifth switching transistor S5, and a parasitic capacitor C8
of the second switching transistor. As charging contin-
ues, the first voltage at the first parallel connection point
gradually increases. In this way, the first voltage is boost-
ed.
[0085] S703: The control module turns on a switching
transistor on the third bridge arm when determining that
a boosted first voltage is equal to a voltage of the positive
bus of the direct current module.
[0086] In some feasible implementations, after per-
forming the step S702, the control module 24 may detect
whether the boosted first voltage is equal to the voltage
of the positive bus BUS+ of the direct current module 23.
The control module 24 may turn on the fifth switching
transistor S5 included in the third bridge arm 226 when
determining that the boosted first voltage is equal to the
voltage of the positive bus BUS+. Herein, when the first
voltage is equal to the voltage of the positive bus BUS+,
a voltage drop at two ends of the fifth switching transistor
S5 is zero. In this case, the fifth switching transistor S5
is turned on. That is, zero voltage turn-on of the fifth
switching transistor S5 is implemented, and a switching
loss of the PFC circuit can be further reduced.
[0087] FIG. 11 is a schematic diagram of another circuit
status according to an embodiment of this application.
As shown in FIG. 11, after the fifth switching transistor
S5 is turned on, the first inductor L1 continues to release
energy, and the current loop passes through the first in-
ductor L1, the first switching transistor S1, the fifth switch-
ing transistor S5, the first capacitor C1, and the alternat-
ing current source 2101, to form a boost loop, and the
first capacitor C1 is charged.
[0088] Further, FIG. 12 is another schematic flowchart
of a PFC circuit control method according to an embod-
iment of this application. As shown in FIG. 12, the control
method may further include the following steps.
[0089] S704: The control module turns off the fifth
switching transistor if determining that a current of the
first inductor is equal to a first preset current.
[0090] In some feasible implementations, after turning
on the fifth switching transistor S5, the control module 24
may determine whether the first current is equal to the
first preset current. The control module 24 may turn off
the fifth switching transistor S5 if determining that the first
current is equal to the first preset current.
[0091] In specific implementation, the control module
24 may detect a magnitude and a direction of the first
current by using the current detection unit 242. When the
magnitude of the first current detected by using the cur-
rent detection unit 242 is equal to a magnitude of the first
preset current, and directions of the first current and the
first preset current are the same, the control module 24
may turn off the fifth switching transistor S5.
[0092] Optionally, when the third voltage value V3 de-
scribed above is less than half of the first voltage value
V1, the first preset current may be a zero current. When

the third voltage value V3 described above is equal to or
greater than half of the first voltage value V1, the mag-
nitude of the first preset current may be a preset first
current value (which is assumed to be i1 herein), and the
direction of the first preset current may be a second cur-
rent direction opposite to the first current direction.
[0093] Further, after the fifth switching transistor S5 is
turned off, if the control module 24 determines to be still
in the positive half cycle T1, the control module 24 re-
peatedly performs actions of the step S702, the step
S703, and the step S704 until the positive half cycle T1
ends.
[0094] Specifically, after the fifth switching transistor
S5 is turned off, the parasitic capacitor C6 and the par-
asitic capacitor C7 resonate with the first inductor L1 be-
cause the parasitic capacitor C6 and the parasitic capac-
itor C7 exist. As a result, the direction of the first current
of the first inductor L1 changes from the original first cur-
rent direction to the opposite second current direction.
Due to a current function in the opposite direction, the
voltage at the first parallel connection point gradually de-
creases.
[0095] When the step S702 is performed by using im-
plementation 1, the control module 24 may turn on the
third switching transistor S3 again when detecting that
the terminal voltage VS3 of the third switching transistor
S3 is zero again, and then the control module 24 may
perform subsequent actions corresponding to implemen-
tation 1 and actions of the step S703 and the step S704.
Such processing is repeatedly performed until the posi-
tive half cycle T1 ends. It should be noted herein that, in
the scenario of implementation 1, the first switching tran-
sistor S1 is turned on, and the second switching transistor
S2, the fourth switching transistor S4, and the sixth
switching transistor S6 are turned off. Therefore, in sub-
sequent repeated actions, only the third switching tran-
sistor S3 and the fifth switching transistor S5 need to be
controlled to be turned on or turned off, and states of
other switching transistors should keep unchanged.
[0096] For example, FIG. 13 is a schematic diagram
of a waveform according to an embodiment of this appli-
cation. Herein, FIG. 13 shows waveforms of control sig-
nals (a PWM wave is used as an example herein, and it
is assumed that a control signal of the third switching
transistor is PWM3, and a control signal of the fifth switch-
ing transistor is PWM5) of the third switching transistor
S3 and the fifth switching transistor S5, waveforms of
terminal voltages (namely, VS3 and VS5) of the third
switching transistor S3 and the fifth switching transistor
S5, and waveforms of the first current of the first inductor
L1 after the PCF circuit enters a steady state. It should
be understood that FIG. 13 is described by using an ex-
ample in which the third voltage value V3 is equal to or
greater than half of the first voltage value V1, that is, the
first preset current is in the second current direction, and
the magnitude is i1. As shown in FIG. 13, after the entire
PFC circuit enters the steady state, the control module
24 may control the PWM5 to be at a low level when de-
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termining that the direction of the first current is the sec-
ond current direction and the magnitude is i2 (that is, at
a moment t3 shown in the figure). In this case, both the
fifth switching transistor S5 and the third switching tran-
sistor S3 are in a turn-off state. Then, the control module
24 controls the PWM3 to be at a high level, and turns on
the third switching transistor S3 when determining that
the terminal voltage VS3 of the third switching transistor
S3 is zero (that is, at a moment t4 shown in the figure).
This implements zero level turn-on of the third switching
transistor. Then, the control module 24 may control the
PWM3 to be at a low level when determining that the
direction of the first current is the first current direction,
and the magnitude of the first current is the first current
value i1 (that is, at a moment t5 shown in the figure). In
this case, the third switching transistor S3 is turned off.
After the third switching transistor S3 is turned off, due
to boosting of the first voltage, a terminal voltage VS5 of
the fifth switching transistor S5 gradually decreases until
the terminal voltage VS5 is equal to 0 (that is, at a moment
t6 in the figure), the PWM5 may be controlled to be at a
high level, and the fifth switching transistor S5 is turned
on. This implements zero level turn-on of the fifth switch-
ing transistor S5. After the third switching transistor S5
is turned on, the first current IL gradually decreases until
the control module 24 determines again that the direction
of the first current is the second current direction, and
the magnitude is i1 (that is, at a moment t7 shown in the
figure), the PWM5 may be controlled to be at a low level,
and the fifth switching transistor S5 is turned off. In this
case, the entire circuit returns again to a state in which
both the fifth switching transistor S5 and the third switch-
ing transistor S3 are turned off, and the control module
24 may continue to repeat control on turn-on or turn-off
of the third switching transistor S3 and the fifth switching
transistor S5.
[0097] When the step S702 is performed by using im-
plementation 2, the control module 24 turns on the sec-
ond switching transistor S2 and the third switching tran-
sistor S3 when detecting that voltages at two ends of the
third switching transistor S3 are equal, and then the con-
trol module 24 may perform subsequent actions corre-
sponding to implementation 2 and actions of the step
S703 and the step S704. Such processing is repeatedly
performed until the positive half cycle T1 ends. It should
be noted herein that, in the scenario of implementation
2, the first switching transistor S1 is turned on, and the
fourth switching transistor S4 and the sixth switching tran-
sistor S6 are turned off. Therefore, in subsequent repeat-
ed actions, only the second switching transistor S2, the
third switching transistor S3, and the fifth switching tran-
sistor S5 need to be controlled to be turned on or turned
off, and states of other switching transistors should keep
unchanged.
[0098] For example, continue to refer to FIG. 13. It
should be understood that, in the foregoing implementa-
tion 2, a waveform of a switching transistor signal (which
is assumed to be PWM2 herein) of the second switching

transistor S2 is completely the same as that of the control
signal PWM3 of the third switching transistor S3. In ad-
dition, when the first switching transistor S1 and the fourth
switching transistor S4 are turned on, a change waveform
of the terminal voltage of the second switching transistor
S2 is also the same as that of the terminal voltage of the
third switching transistor S3. Therefore, FIG. 13 is still
used as an example for description herein. As shown in
FIG. 13, after the entire PFC circuit enters the steady
state, the control module 24 may control the PWM5 to
be at a low level when determining that the direction of
the first current is the second current direction and the
magnitude is i1 (that is, at a moment t3 shown in the
figure). In this case, the fifth switching transistor S5, the
second switching transistor S2, and the third switching
transistor S3 are all in a turn-off state. Then, the control
module 24 controls the PWM3 and the PWM2 to be at a
high level, and turns on the second switching transistor
S2 and the third switching transistor S3 when determining
that the terminal voltage VS3 of the third switching tran-
sistor S3 is zero (that is, at the moment t4 shown in the
figure). This implements zero level turn-on of the second
switching transistor S2 and the third switching transistor
S3. Then, the control module 24 may control the PWM3
and the PWM2 to be at a low level when determining that
the direction of the first current is the first current direction,
and the magnitude of the first current is the first current
value i1 (that is, at the moment t5 shown in the figure).
In this case, the second switching transistor S2 and the
third switching transistor S3 are turned off. Then, due to
boosting of the first voltage, the terminal voltage VS5 of
the fifth switching transistor S5 gradually decreases until
the terminal voltage VS5 is equal to 0 (that is, at the mo-
ment t6 in the figure), the PWM5 may be controlled to be
at a high level, and the fifth switching transistor S5 is
turned on. This implements zero level turn-on of the fifth
switching transistor S5. After the third switching transistor
S5 is turned on, the first current IL gradually decreases
until the control module 24 determines again that the di-
rection of the first current is the second current direction,
and the magnitude is i1 (that is, at the moment t7 shown
in the figure), the PWM5 may be controlled to be at a low
level, and the fifth switching transistor S5 is turned off.
In this case, the entire circuit returns again to a state in
which the fifth switching transistor S5, the second switch-
ing transistor S2, and the third switching transistor S3
are all turned off, and the control module 24 may continue
to repeat control on turn-on or turn-off of the second
switching transistor S2, the third switching transistor S3,
and the fifth switching transistor S5.
[0099] When the step S702 is performed by using im-
plementation 3, the control module 24 first turns on the
third switching transistor S3 when detecting that voltages
at two ends of the third switching transistor S3 are equal,
and then turns on the second switching transistor S2
when another first preset duration dt1 expires. Then, the
second switching transistor S2 is turned off when another
second preset duration dt2 expires. Then, the third
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switching transistor S3 is turned off when it is determined
that the first current is equal to the first preset current
again. Then, the control module 24 may continue to per-
form actions of the step S703 and the step S704. Such
processing is repeatedly performed until the positive half
cycle T1 ends. It should be noted herein that, in the sce-
nario of implementation 3, the first switching transistor
S1 and the fourth switching transistor S4 are turned on,
and the sixth switching transistor S6 is turned off. There-
fore, in subsequent repeated actions, only the second
switching transistor S2, the third switching transistor S3,
and the fifth switching transistor S5 need to be controlled
to be turned on or turned off, and states of other switching
transistors should keep unchanged.
[0100] For example, FIG. 14 is a schematic diagram
of another waveform according to an embodiment of this
application. FIG. 14 shows waveforms of control signals
(which are respectively PWM2, PWM3, and PWM5) of
the second switching transistor S2, the third switching
transistor S3, and the fifth switching transistor S5, wave-
forms of terminal voltages (namely, VS3 and VS5) of the
third switching transistor S3 and the fifth switching tran-
sistor S5, and waveforms of the first current of the first
inductor L1 after the PCF circuit enters a steady state.
As shown in FIG. 14, after the entire PFC circuit enters
the steady state, the control module 24 may control the
PWM5 to be at a low level when determining that the
direction of the first current is the second current direction
and the magnitude is i1 (that is, at a moment t3 shown
in the figure). In this case, the fifth switching transistor
S5, the second switching transistor S2, and the third
switching transistor S3 are all in a turn-off state. Then,
the control module 24 controls the PWM3 to be at a high
level, and turns on the third switching transistor S3 when
determining that the terminal voltage VS3 of the third
switching transistor S3 is zero (that is, at a moment t4
shown in the figure). This implements zero level turn-on
of the third switching transistor S3. Then, the control mod-
ule 24 may control the PWM2 to be at a high level and
turn on the second switching transistor S2 when deter-
mining that first preset duration dt1 expires (that is, when
a moment t8 shown in the figure expires, a time difference
between the moment t8 and the moment t4 is the first
preset duration dt1). In this case, zero voltage turn-on of
the second switching transistor S2 is implemented. Then,
the control module 24 may control the PWM2 to be at a
low level, and turn on the second switching transistor S2
when determining that second preset duration dt2 ex-
pires (that is, when a moment t9 shown in the figure ex-
pires, a time difference between the moment t9 and the
moment t8 is the second preset duration dt2). In this case,
zero voltage turn-off of the second switching transistor
S2 is implemented. Then, the control module 24 may
control the PWM3 to be at a low level when determining
that the direction of the first current is the first current
direction, and the magnitude of the first current is the first
current value i1 (that is, at a moment t5 shown in the
figure). In this case, the third switching transistor S3 is

turned off. Then, due to boosting of the first voltage, the
terminal voltage VS5 of the fifth switching transistor S5
gradually decreases until the terminal voltage VS5 is
equal to 0 (that is, at a moment t6 in the figure), the PWM5
may be controlled to be at a high level, and the fifth switch-
ing transistor S5 is turned on. This implements zero level
turn-on of the fifth switching transistor S5. After the third
switching transistor S5 is turned on, the first current IL
gradually decreases until the control module 24 deter-
mines again that the direction of the first current is the
second current direction, and the magnitude is i1 (that
is, at a moment t7 shown in the figure), the PWM5 may
be controlled to be at a low level, and the fifth switching
transistor S5 is turned off. In this case, the entire circuit
returns again to a state in which the fifth switching tran-
sistor S5, the second switching transistor S2, and the
third switching transistor S3 are all turned off, and the
control module 24 may continue to repeat control on turn-
on or turn-off of the second switching transistor S2, the
third switching transistor S3, and the fifth switching tran-
sistor S5.
[0101] The foregoing describes various implementa-
tions of the corresponding control method in the positive
half cycle T1. The following further describes various im-
plementations included in the control method in the neg-
ative half cycle (which is assumed to be T2 herein).
[0102] FIG. 15 is another schematic flowchart of a PFC
circuit control method according to an embodiment of this
application. As shown in FIG. 15, the control method fur-
ther includes the following steps.
[0103] S705: The control module turns on or turns off
the switching transistors on the first bridge arm and the
second bridge arm if determining that the alternating cur-
rent is in the negative half cycle, to buck a second voltage
at the second parallel connection point.
[0104] In some feasible implementations, when the
control module 24 determines that the A-phase alternat-
ing current is in a negative half cycle (which is assumed
to be a negative half cycle T1 herein), the control module
may turn on or turn off the switching transistors on the
first bridge arm 224 and the second bridge arm 225, to
buck the second voltage at the second parallel connec-
tion point by using the freewheeling function of the first
inductor L1. It should be noted that, because a plurality
of negative half cycles exist in the A-phase alternating
current, and control logic in each negative half cycle is
the same, a negative half cycle T1 is used as an example
for description in the following part. Herein, this applica-
tion provides a plurality of optional implementations in
which the control module 24 turns on or turns off the
switching transistors on the first bridge arm 224 and the
second bridge arm 225 to buck the second voltage by
using the first inductor L1. The following separately de-
scribes the plurality of implementations in detail.

Implementation 4

[0105] When the control module 24 determines that
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the A-phase alternating current is in the negative half
cycle T2, the control module 24 may keep the second
switching transistor S2 in a turn-on state in the negative
half cycle T2. In other words, when the control module
24 determines that the A-phase alternating current is in
the negative half cycle T2, that is, the second switching
transistor S2 is turned on, the turn-on state lasts until the
negative half cycle T2 ends. In addition, the control mod-
ule 24 may further turn off the first switching transistor
S1, the third switching transistor S3, and the fifth switch-
ing transistor S5.
[0106] Optionally, in a turn-on state of the second
switching transistor S2, when the control module 24 de-
termines that a second preset moment (which is as-
sumed to be t2 herein) expires, the control module 24
may turn on the fourth switching transistor S4. Herein,
the second preset moment t2 is included in the negative
half cycle T2.
[0107] Optionally, in a turn-on state of the second
switching transistor S2, the control module 24 may turn
on the fourth switching transistor S4 when determining
that a voltage (namely, the second voltage) at the second
parallel connection point is equal to a voltage at the sec-
ond bridge arm midpoint. It may be understood herein
that a voltage drop between the second parallel connec-
tion point and the second bridge arm midpoint is essen-
tially a voltage (which is assumed to be VS4 herein) be-
tween two ends of the fourth switching transistor S4.
Therefore, when a terminal voltage S4 of the fourth
switching transistor S4 is zero, the fourth switching tran-
sistor S4 is turned on. That is, zero voltage turn-on of the
fourth switching transistor S4 is implemented, and a
switching loss of the PFC circuit is also reduced.
[0108] After the third switching transistor S3 is turned
on, the current loop passes through the fourth switching
transistor S4, the second switching transistor S2, the first
inductor L1, and the alternating current source 2101, and
the current direction is the second current direction op-
posite to the first current direction. In this case, the first
inductor L1 is in a charging state, and a current (for ease
of differentiation, a third current is used as a replacement
for description below) flowing through the first inductor
L1 gradually increases in the second current direction.
[0109] Similarly, when the entire PFC circuit does not
enter a steady state, the control module 24 may prefer-
entially determine, based on whether the second preset
moment t2 expires, whether to turn on the fourth switch-
ing transistor S4. After the entire PFC circuit enters the
steady state, the control module 24 may preferentially
determine, based on whether the voltage at the second
parallel connection point is equal to the voltage at the
second bridge arm midpoint, whether to turn on the fourth
switching transistor S4.
[0110] Further, the control module 24 may turn off the
fourth switching transistor S4 when determining that the
current of the first inductor (namely, the first current) is
equal to a fourth preset current. Herein, a direction of the
fourth preset current is the second direction, and a mag-

nitude of the fourth preset current is a preset fourth cur-
rent value (which is assumed to be i4 herein). After the
control module 24 turns off the fourth switching transistor
S4, the first inductor L1 starts to release energy stored
in the first inductor L1. However, due to the freewheeling
characteristic of the inductor, the current direction of the
first inductor L1 is still the second current direction. In a
process in which the first inductor L1 releases energy,
electric energy stored in a parasitic capacitor (which is
assumed to be C9 herein) of the fourth switching tran-
sistor S4 and a parasitic capacitor (which is assumed to
be C10 herein) of the sixth switching transistor S6 is ex-
tracted by using the second parallel connection point.
Therefore, as the energy of the first inductor L1 is re-
leased, the second voltage at the second parallel con-
nection point gradually decreases. In this way, the sec-
ond voltage is bucked.

Implementation 5

[0111] When the control module 24 determines that
the A-phase alternating current is in the negative half
cycle T2, the control module 24 may keep the second
switching transistor S2 and the third switching transistor
S3 in a turn-on state in the negative half cycle T2. In other
words, when the control module 24 determines that the
A-phase alternating current is in the negative half cycle
T2, that is, the second switching transistor S2 and the
third switching transistor S3 are turned on, the turn-on
state lasts until an end moment of the negative half cycle
T2 expires. In addition, the control module 24 may further
turn off the fifth switching transistor S5.
[0112] Further, optionally, when the second switching
transistor S2 and the third switching transistor S3 are
turned on, the control module 24 may turn on the first
switching transistor S1 and the fourth switching transistor
S4 when determining that the second preset moment t2
expires. Herein, for description of the second preset mo-
ment t2, refer to the foregoing description. Details are
not described herein again.
[0113] Optionally, the control module 24 may alterna-
tively turn on the first switching transistor S1 and the
fourth switching transistor S4 when determining that the
voltage at the second parallel connection point is equal
to the voltage at the second bridge arm midpoint. Herein,
when the voltage at the second parallel connection point
is equal to the voltage at the second bridge arm midpoint,
a voltage drop at two ends of the first switching transistor
S1 and the fourth switching transistor S4 is zero. In this
case, the first switching transistor S1 and the fourth
switching transistor S4 are turned on. That is, zero volt-
age turn-on of the first switching transistor S1 and the
fourth switching transistor S4 is implemented, and a
switching loss of the PFC circuit can be further reduced.
In addition, because a parallel loop exists between the
first bridge arm midpoint and the second bridge arm mid-
point, an equivalent resistance value between the first
bridge arm midpoint and the second bridge arm midpoint
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becomes smaller. This can further reduce a turn-on loss
of the PFC circuit.
[0114] It should be noted that, when the entire PFC
circuit does not enter a steady state, the control module
24 may preferentially determine, based on whether the
second preset moment t2 expires, whether to turn on the
first switching transistor S1 and the fourth switching tran-
sistor S4. After the entire PFC circuit enters the steady
state, the control module 24 may preferentially deter-
mine, based on whether the voltage at the second parallel
connection point is equal to the voltage at the second
bridge arm midpoint, whether to turn on the first switching
transistor S1 and the fourth switching transistor S4.
[0115] After the first switching transistor S1 and the
fourth switching transistor S4 are turned on, the first in-
ductor L1 is in a charging state, and the third current
flowing through the first inductor L1 gradually increases
in the second current direction.
[0116] Further, when the control module 24 deter-
mines that the current of the first inductor (namely, the
first current) is equal to a fourth preset current, the control
module 24 may turn off the first switching transistor S1
and the fourth switching transistor S4. After the control
module 24 turns off the first switching transistor S1 and
the fourth switching transistor S4, the first inductor L1
starts to release energy stored in the first inductor L1.
However, due to the freewheeling characteristic of the
inductor, the current direction of the first inductor L1 is
still the second current direction. In a process in which
the first inductor L1 releases energy, electric energy
stored in the parasitic capacitor C9 and the parasitic ca-
pacitor C10 is extracted by using the second parallel con-
nection point. Therefore, as the energy of the first inductor
L1 is released, the second voltage at the second parallel
connection point gradually decreases. In this way, the
second voltage is bucked.

Implementation 6

[0117] When the control module 24 determines that
the A-phase alternating current is in the negative half
cycle T2, the control module 24 may keep the second
switching transistor S2 and the third switching transistor
S3 in a turn-on state in the negative half cycle T2. In
addition, the control module 24 may further turn off the
fifth switching transistor S5.
[0118] Further, optionally, when the second switching
transistor S2 and the third switching transistor S3 are
turned on, the control module 24 may turn on the fourth
switching transistor S4 when determining that the second
preset moment t2 expires. Herein, for description of the
second preset moment t2, refer to the foregoing descrip-
tion. Details are not described herein again.
[0119] Optionally, the control module 24 may alterna-
tively turn on the fourth switching transistor S4 when de-
termining that the voltage at the second parallel connec-
tion point is equal to the voltage at the second bridge arm
midpoint. Herein, when the voltage at the second parallel

connection point is equal to the voltage at the second
bridge arm midpoint, a voltage drop at two ends of the
fourth switching transistor S4 is zero. In this case, the
fourth switching transistor S4 is turned on. That is, zero
voltage turn-on of the fourth switching transistor S4 is
implemented, and a switching loss of the PFC circuit can
be reduced.
[0120] It should be noted that, when the entire PFC
circuit does not enter a steady state, the control module
24 may preferentially determine, based on whether the
second preset moment t2 expires, whether to turn on the
fourth switching transistor S4. After the entire PFC circuit
enters the steady state, the control module 24 may pref-
erentially determine, based on whether the voltage at the
second parallel connection point is equal to the voltage
at the second bridge arm midpoint, whether to turn on
the fourth switching transistor S4.
[0121] Further, the control module 24 turns on the first
switching transistor S1 when determining that third preset
duration (which is assumed to be dt3 herein) expires. A
start moment of the third preset duration dt3 is a turn-on
moment of the fourth switching transistor S4. Herein, be-
cause the second switching transistor S2, the third
switching transistor S3, and the fourth switching transis-
tor S4 are already turned on before the first switching
transistor S1 is turned on, the first switching transistor
S1 is turned on when a voltage drop at two ends is zero.
That is, zero voltage turn-on of the first switching tran-
sistor S 1 is implemented, and a switching loss of the
PFC circuit can be reduced. In addition, a parallel loop
exists between the first bridge arm midpoint and the sec-
ond bridge arm midpoint after the first switching transistor
S 1 is turned on, and therefore an equivalent resistance
value between the first bridge arm midpoint and the sec-
ond bridge arm midpoint becomes smaller. This can fur-
ther reduce a turn-on loss of the PFC circuit.
[0122] After the first switching transistor S1 is also
turned on, the first inductor L1 is in a charging state, and
the third current flowing through the first inductor L1 grad-
ually increases in the second current direction.
[0123] Further, the control module 24 may turn off the
first switching transistor S1 when determining that fourth
preset duration (which is assumed to be dt4 herein) ex-
pires. A start moment of the fourth preset duration dt4 is
a turn-on moment of the first switching transistor S1. It
may be understood herein that, because the second
switching transistor S2, the third switching transistor S3,
and the fourth switching transistor S4 are still in a turn-
on state when the first switching transistor S1 is turned
off, the first switching transistor S1 is turned off when a
zero voltage exists. This further implements zero voltage
turn-off of the first switching transistor S1, and may further
reduce a switching loss of the PFC circuit.
[0124] Further, when the control module 24 deter-
mines that the first current is equal to the fourth preset
current, the control module 24 may turn off the fourth
switching transistor S4. After the control module 24 turns
off the first switching transistor S1 and the fourth switch-
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ing transistor S4, the first inductor L1 starts to release
energy stored in the first inductor L1. However, due to
the freewheeling characteristic of the inductor, the cur-
rent direction of the first inductor L1 is still the second
current direction. In a process in which the first inductor
L1 releases energy, electric energy stored in the parasitic
capacitor C9 and the parasitic capacitor C10 is extracted
by using the second parallel connection point. Therefore,
as the energy of the first inductor L1 is released, the sec-
ond voltage at the second parallel connection point grad-
ually decreases. In this way, the second voltage is
bucked.
[0125] S706: The control module turns on the sixth
switching transistor when determining that a bucked sec-
ond voltage is equal to a voltage of the negative bus of
the direct current module.
[0126] In some feasible implementations, after per-
forming step S705, the control module 24 may detect
whether the bucked second voltage is equal to the volt-
age of the negative bus BUS- of the direct current module
23. The control module 24 may turn on the sixth switching
transistor S6 when determining that the bucked second
voltage is equal to the voltage of the negative bus BUS-.
Herein, when the bucked second voltage is equal to the
voltage of the negative bus BUS-, a voltage drop at two
ends of the sixth switching transistor S6 is zero. In this
case, the sixth switching transistor S6 is turned on. That
is, zero voltage switching of the sixth switching transistor
S6 is implemented, and a switching loss of the PFC circuit
can be further reduced. After the sixth switching transistor
S6 is turned on, the first inductor L1 continues to release
energy, and the current loop passes through the alter-
nating current source 2101, the second capacitor C2, the
sixth switching transistor S6, the second switching tran-
sistor S2, and the first inductor L1, to form a boost loop,
and the second capacitor C2 is charged.
[0127] Further, FIG. 16 is another schematic flowchart
of a PFC circuit control method according to an embod-
iment of this application. As shown in FIG. 16, the control
method may further include the following steps.
[0128] S707: The control module turns off the sixth
switching transistor if determining that the current of the
first inductor is equal to a third preset current.
[0129] In some feasible implementations, after the
sixth switching transistor S6 is turned on, the control mod-
ule 24 may detect a current flowing through the first in-
ductor L1, and turn off the sixth switching transistor S6
when determining that the first current is equal to the third
preset current.
[0130] In specific implementation, the control module
24 may detect a magnitude and a direction of the first
current by using the current detection unit 243. When the
magnitude of the first current detected by using the cur-
rent detection unit 243 is equal to a magnitude of the third
preset current, and the direction of the first current is the
same as that of the first preset current, the control module
24 may turn off the sixth switching transistor S6.
[0131] Optionally, when the third voltage value V3 de-

scribed above is less than half of the second voltage val-
ue V1, the third preset current is a zero current. When
the third voltage value V3 described above is equal to or
greater than half of the first voltage value V1, the mag-
nitude of the third preset current is the preset third current
value (which is assumed to be i3 herein), and the direction
of the third preset current is the first current direction.
[0132] Further, after the sixth switching transistor S6
is turned off, if the control module 24 determines to be
still in the negative half cycle T2, the control module 24
repeatedly performs actions of the step S705, the step
S706, and the step S707 until the negative half cycle T2
ends.
[0133] In specific implementation, after the sixth
switching transistor S6 is turned off, the parasitic capac-
itor C8 and the parasitic capacitor C8 resonate with the
first inductor L1 because the parasitic capacitor C8 and
the parasitic capacitor C9 exist. As a result, a current in
the first current direction (which is assumed to be a fourth
current herein) exists in the first inductor L1. Due to a
function of the fourth current, the voltage at the second
parallel connection point gradually increases.
[0134] When the step S705 is performed by using im-
plementation 4, the control module 24 turns on the fourth
switching transistor S4 when detecting that voltages at
two ends of the fourth switching transistor S4 are equal
(that is, the voltage at the second parallel connection
point is equal to the voltage at the second bridge arm
midpoint), and then the control module 24 may perform
subsequent actions corresponding to implementation 4
and actions of the step S706 and the step S707. Such
processing is repeatedly performed until the negative half
cycle T2 ends. It should be noted herein that, in the sce-
nario of implementation 4, the second switching transis-
tor S2 is turned on, and the first switching transistor S 1,
the third switching transistor S3, and the fifth switching
transistor S5 are turned off. Therefore, in subsequent
repeated actions, only the fourth switching transistor S4
and the sixth switching transistor S6 need to be controlled
to be turned on or turned off, and states of other switching
transistors should keep unchanged.
[0135] For example, FIG. 17 is a schematic diagram
of another waveform according to an embodiment of this
application. Herein, FIG. 18 shows waveforms of control
signals (a PWM wave is used as an example herein, and
it is assumed that a control signal of the fourth switching
transistor S4 is PWM4, and a control signal of the sixth
switching transistor S6 is PWM6) of the fourth switching
transistor S4 and the sixth switching transistor S6, wave-
forms of terminal voltages (namely, VS4 and VS6) of the
fourth switching transistor S4 and the sixth switching tran-
sistor S6, and waveforms of the first current of the first
inductor L1 after the PCF circuit enters a steady state. It
should be understood that FIG. 17 is described by using
an example in which the third voltage value V3 is equal
to or greater than half of the first voltage value V1, that
is, the third preset current is in the first current direction,
and the magnitude is i3. In actual implementation, the
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control module 24 may control the PWM6 to be at a low
level, and turn off the sixth switching transistor S6 when
determining that the magnitude of the first current is i3
and the direction is the first direction (that is, at a moment
t3 shown in the figure). In this case, both the fourth switch-
ing transistor S4 and the sixth switching transistor S6 are
in a turn-off state. Then, the control module 24 may con-
trol the PWM4 to be at a high level when determining that
the terminal voltage VS4 of the fourth switching transistor
S4 is zero (that is, at a moment t4 shown in the figure).
In this case, the fourth switching transistor S4 is turned
on. That is, zero level turn-on of the fourth switching tran-
sistor S4 is implemented. Then, as the first current grad-
ually increases in the second current direction, the control
module 24 may control the PWM4 to be at a low level
when determining that the direction of the first current is
the second current direction and the magnitude is the
fourth current value i4 (that is, at a moment t5 shown in
the figure). In this case, the fourth switching transistor S4
is turned off. After the fourth switching transistor S4 is
turned off, the first level is pulled down until the control
module 24 determines that the terminal voltage VS6 of
the sixth switching transistor S6 is equal to zero (that is,
at a moment t6 shown in the figure). In this case, the
control module 24 may control the PWM6 to be at a high
level, and turn on the sixth switching transistor S6. After
the sixth switching transistor S6 is turned on, the current
in the first inductor L1 gradually decreases until the con-
trol module 24 determines that the direction of the first
current of the first inductor L1 is the first current direction
and the magnitude is the third current value i3 (that is, at
a moment t7 shown in the figure). In this case, the control
module 24 may control the PWM6 to be at a low level,
and the circuit returns to a state in which both the fourth
switching transistor S4 and the sixth switching transistor
S6 are turned off. Then, the control module 24 may con-
tinue to repeat control on turn-on or turn-off of the fourth
switching transistor S4 and the sixth switching transistor
S6.
[0136] When the step S705 is performed by using im-
plementation 5, the control module 24 turns on the first
switching transistor S1 and the fourth switching transistor
S4 when detecting that voltages at two ends of the fourth
switching transistor S4 are equal, and then the control
module 24 may perform subsequent actions correspond-
ing to implementation 5 and actions of the step S706 and
the step S707. Such processing is repeatedly performed
until the negative half cycle T2 ends. It should be noted
herein that, in the scenario of implementation 5, the sec-
ond switching transistor S2 and the third switching tran-
sistor S3 are turned on, and the fifth switching transistor
S5 is turned off. Therefore, in subsequent repeated ac-
tions, only the first switching transistor S1, the fourth
switching transistor S4, and the sixth switching transistor
S6 need to be controlled to be turned on or turned off,
and states of other switching transistors should keep un-
changed.
[0137] For example, continue to refer to FIG. 17. It

should be understood that, in the foregoing implementa-
tion 5, a waveform of a switching transistor signal (which
is assumed to be PWM1 herein) of the first switching
transistor S1 is completely the same as that of the control
signal PWM4 of the fourth switching transistor S4. In ad-
dition, when the second switching transistor S2 and the
third switching transistor S3 are turned on, a change
waveform of the terminal voltage of the first switching
transistor S1 is also the same as that of the terminal volt-
age of the fourth switching transistor S4. Therefore, FIG.
17 is still used as an example for description herein. In
actual implementation, the control module 24 may control
the PWM6 to be at a low level, and turn off the sixth
switching transistor S6 when determining that the mag-
nitude of the first current is i3 and the direction is the first
direction (that is, at a moment t3 shown in the figure). In
this case, the first switching transistor S1, the fourth
switching transistor S4, and the sixth switching transistor
S6 are all in a turn-off state. Then, the control module 24
may control the PW1 and the PWM4 to be at a high level
when determining that the terminal voltage VS4 of the
fourth switching transistor S4 is zero (that is, at a moment
t4 shown in the figure). In this case, the first switching
transistor S1 and the fourth switching transistor S4 are
turned on. That is, zero level turn-on of the first switching
transistor S1 and the fourth switching transistor S4 is
implemented. Then, as the first current gradually increas-
es in the second current direction, the control module 24
may control the PW1 and the PWM4 to be at a low level
when determining that the direction of the first current is
the second current direction and the magnitude is the
fourth current value i4 (that is, at a moment t5 shown in
the figure). In this case, the first switching transistor S1
and the fourth switching transistor S4 are turned off. After
the first switching transistor S1 and the fourth switching
transistor S4 are turned off, the first level is pulled down
until the control module 24 determines that the terminal
voltage VS6 of the sixth switching transistor S6 is equal
to zero (that is, at a moment t6 shown in the figure). In
this case, the control module 24 may control the PWM6
to be at a high level, and turn on the sixth switching tran-
sistor S6. After the sixth switching transistor S6 is turned
on, the current in the first inductor L1 gradually decreases
until the control module 24 determines that the direction
of the first current of the first inductor L1 is the first current
direction and the magnitude is the third current value i3
(that is, at a moment t7 shown in the figure). In this case,
the control module 24 may control the PWM6 to be at a
low level, and the circuit returns to a state in which the
first switching transistor S1, the fourth switching transis-
tor S4, and the sixth switching transistor S6 are all turned
off. Then, the control module 24 may continue to repeat
control on turn-on or turn-off of the first switching tran-
sistor S 1, the fourth switching transistor S4, and the sixth
switching transistor S6.
[0138] When the step S705 is performed by using im-
plementation 6, the control module 24 first turns on the
fourth switching transistor S4 when detecting that volt-
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ages at two ends of the fourth switching transistor S4 are
equal, and then turns on the first switching transistor S1
when another third preset duration dt3 expires. Then, the
first switching transistor S1 is turned off when another
fourth preset duration dt4 expires. Then, the fourth
switching transistor S4 is turned off when it is determined
that the first current is equal to the fourth preset current.
Then, the control module 24 may continue to perform
actions of the step S706 and the step S707. Such
processing is repeatedly performed until the negative half
cycle T2 ends. It should be noted herein that, in the sce-
nario of implementation 6, the second switching transis-
tor S2 and the third switching transistor S3 are turned
on, and the fifth switching transistor S5 is turned off.
Therefore, in subsequent repeated actions, only the first
switching transistor S 1, the fourth switching transistor
S4, and the sixth switching transistor S6 need to be con-
trolled to be turned on or turned off, and states of other
switching transistors should keep unchanged.
[0139] For example, FIG. 18 is a schematic diagram
of another waveform according to an embodiment of this
application. Herein, FIG. 18 shows waveforms of control
signals (which are respectively PWM1, PWM4, and
PWM6) of the first switching transistor S1, the fourth
switching transistor S4, and the sixth switching transistor
S6, waveforms of terminal voltages (namely, VS4 and
VS6) of the fourth switching transistor S4 and the sixth
switching transistor S6, and waveforms of the first current
of the first inductor L1 after the PCF circuit enters a steady
state. It should be understood that FIG. 18 is also de-
scribed by using an example in which the third voltage
value V3 is equal to or greater than half of the first voltage
value V1, that is, the third preset current is the first current
direction, and the magnitude is i3. In actual implementa-
tion, the control module 24 may control the PWM6 to be
at a low level, and turn off the sixth switching transistor
S6 when determining that the magnitude of the first cur-
rent is i3 and the direction is the first direction (that is, at
a moment t3 shown in the figure). In this case, the first
switching transistor S1, the fourth switching transistor S4,
and the sixth switching transistor S6 are all in a turn-off
state. Then, the control module 24 may control the PWM4
to be at a high level when determining that the terminal
voltage VS4 of the fourth switching transistor S4 is zero
(that is, at a moment t4 shown in the figure). In this case,
the fourth switching transistor S4 is turned on. That is,
zero level turn-on of the fourth switching transistor S4 is
implemented. Then, when determining that third preset
duration dt3 expires (that is, it is determined that a mo-
ment t8 expires, and a difference between the moment
t8 and the moment t4 is the third preset duration dt3), the
control module may control the PWM1 to be at a high
level, and turn on the first switching transistor S1. In this
case, VS4 is zero, and therefore, zero level turn-on of
the first switching transistor S1 is implemented. Then,
when determining that fourth preset duration dt4 expires
(that is, it is determined that a moment t9 expires, and a
difference between the moment t9 and the moment t8 is

the fourth preset duration dt3), the control module may
control the PWM1 to be at a low level, and turn off the
first switching transistor S1. In this case, VS4 is still zero,
and therefore, zero level turn-off of the first switching tran-
sistor S1 is implemented. Then, as the first current grad-
ually increases in the second current direction, the control
module 24 may control the PWM4 to be at a low level
when determining that the direction of the first current is
the second current direction and the magnitude is the
fourth current value i4 (that is, at a moment t5 shown in
the figure). In this case, the fourth switching transistor S4
is turned off. After the fourth switching transistor S4 is
turned off, the first level is pulled down until the control
module 24 determines that the terminal voltage VS6 of
the sixth switching transistor S6 is equal to zero (that is,
at a moment t6 shown in the figure). In this case, the
control module 24 may control the PWM6 to be at a high
level, and turn on the sixth switching transistor S6. After
the sixth switching transistor S6 is turned on, the current
in the first inductor L1 gradually decreases until the con-
trol module 24 determines that the direction of the first
current of the first inductor L1 is the first current direction
and the magnitude is the third current value i3 (that is, at
a moment t7 shown in the figure). In this case, the control
module 24 may control the PWM6 to be at a low level,
and the circuit returns to a state in which the first switching
transistor S1, the fourth switching transistor S4, and the
sixth switching transistor S6 are all turned off. Then, the
control module 24 may continue to repeat control on turn-
on or turn-off of the first switching transistor S1, the fourth
switching transistor S4, and the sixth switching transistor
S6.
[0140] It should be noted that each preset parameter
(for example, the first preset moment t1, the first preset
duration dt1, and the first preset current) in this embod-
iment of this application may be specifically an empirical
value obtained by performing a plurality of tests on the
PFC circuit provided in this application. Specific values
of these preset parameters are not limited in this appli-
cation.
[0141] It should be further noted that, because of a
bidirectional current characteristic of each component in
the PFC circuit 20, the PFC circuit 20 may further perform
inversion and voltage bucking on an input direct current
with a second voltage value Vout, to output an alternating
current whose effective value is a first voltage value Vin.
Specific control logic is the same as that described above,
and is not described herein again.
[0142] In this embodiment of this application, regard-
less of whether in a positive half cycle or a negative half
cycle of an alternating current, the control module 24 in
the PFC circuit can implement zero voltage switching of
one or more switching transistors in any single-phase
correction circuit included in the control module 24. In
this way, a switching loss and a turn-on loss of the PFC
circuit can be significantly reduced, and performance of
the PFC circuit can be effectively improved.
[0143] A person of ordinary skill in the art may be aware
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that, in combination with the examples described in em-
bodiments disclosed in this specification, units and algo-
rithm steps can be implemented by electronic hardware,
computer software, or a combination thereof. To clearly
describe the interchangeability between the hardware
and the software, the foregoing has generally described
compositions and steps of each example according to
functions. Whether the functions are performed by hard-
ware or software depends on particular applications and
design constraint conditions of the technical solutions. A
person skilled in the art may use different methods to
implement the described functions for each particular ap-
plication, but it should not be considered that the imple-
mentation goes beyond the scope of this application.
[0144] In conclusion, the foregoing descriptions are
merely examples of embodiments of the technical solu-
tions of this application, but are not intended to limit the
protection scope of this application. Any modification,
equivalent replacement, or improvement made without
departing from the spirit and principle of this application
shall fall within the protection scope of this application.

Claims

1. A power factor correction PFC circuit control method,
wherein a PFC circuit comprises an alternating cur-
rent module, a power factor correction module, a di-
rect current module, and a control module;

the power factor correction module comprises a
three-phase correction circuit connected in par-
allel, and any single-phase correction circuit in
the three-phase correction circuit comprises at
least a first inductor, a first bridge arm, a second
bridge arm, a third bridge arm, and a fourth
bridge arm; and
one end of the first inductor is connected to a
single-phase input/output terminal of the alter-
nating current module, the other end of the first
inductor is connected to a first bridge arm mid-
point of the first bridge arm, the first bridge arm
is connected in parallel to the second bridge
arm, a first parallel connection point between
the first bridge arm and the second bridge arm
is connected to one end of the third bridge arm,
the other end of the third bridge arm is connected
to a positive bus of the direct current module, a
second parallel connection point between the
first bridge arm and the second bridge arm is
connected to one end of the fourth bridge arm,
the other end of the fourth bridge arm is con-
nected to a negative bus of the direct current
module, and a midpoint or an imaginary midpoint
of the alternating current module is further con-
nected to a second bridge arm midpoint of the
second bridge arm and the direct current mod-
ule; and

the method comprises:

determining, by the control module, that an
alternating current on the single-phase in-
put/output terminal is in a positive half cycle;
turning on or turning off, by the control mod-
ule, switching transistors on the first bridge
arm and the second bridge arm, to boost a
first voltage at the first parallel connection
point; and
turning on, by the control module, a switch-
ing transistor on the third bridge arm when
determining that a boosted first voltage is
equal to a voltage of the positive bus of the
direct current module.

2. The method according to claim 1, wherein the first
bridge arm comprises a first switching transistor and
a second switching transistor, the second bridge arm
comprises a third switching transistor and a fourth
switching transistor, the third bridge arm comprises
a fifth switching transistor, and the fourth bridge arm
comprises a sixth switching transistor; and
the first bridge arm midpoint is a connection point
between a first end of the first switching transistor
and a second end of the second switching transistor,
the first parallel connection point is a connection
point between a second end of the first switching
transistor and a first end of the third switching tran-
sistor, the second parallel connection point between
the first bridge arm and the second bridge arm is a
connection point between the second end of the sec-
ond switching transistor and a first end of the fourth
switching transistor, the second bridge arm midpoint
is a connection point between a second end of the
third switching transistor and a second end of the
fourth switching transistor, a first end of the fifth
switching transistor is connected to the first parallel
connection point, a second end of the fifth switching
transistor is connected to the positive bus, a first end
of the sixth switching transistor is connected to the
second parallel connection point, and a second end
of the sixth switching transistor is connected to the
negative bus.

3. The method according to claim 2, wherein after the
control module turns on the fifth switching transistor,
the method further comprises:
turning off, by the control module, the fifth switching
transistor if determining that a current of the first in-
ductor is equal to a first preset current.

4. The method according to claim 2 or 3, wherein the
first switching transistor is turned on in the positive
half cycle, and the turning on or turning off, by the
control module, switching transistors on the first
bridge arm and the second bridge arm, to boost a
first voltage at the first parallel connection point com-

41 42 



EP 4 380 025 A1

23

5

10

15

20

25

30

35

40

45

50

55

prises:

turning on, by the control module, the third
switching transistor when determining that a first
preset moment expires or determining that a
voltage at the first parallel connection point is
equal to a voltage at the second bridge arm mid-
point; and
turning off, by the control module, the third
switching transistor when determining that the
current of the first inductor is equal to a second
preset current, to boost the first voltage at the
first parallel connection point.

5. The method according to claim 2 or 3, wherein the
first switching transistor and the fourth switching
transistor are turned on in the positive half cycle, and
the turning on or turning off, by the control module,
switching transistors on the first bridge arm and the
second bridge arm, to boost a first voltage at the first
parallel connection point comprises:

turning on, by the control module, the second
switching transistor and the third switching tran-
sistor when determining that a first preset mo-
ment expires or determining that a voltage at the
first parallel connection point is equal to a volt-
age at the second bridge arm midpoint; and
turning off, by the control module, the second
switching transistor and the third switching tran-
sistor when determining that the current of the
first inductor is equal to a second preset current,
to boost the first voltage at the first parallel con-
nection point.

6. The method according to claim 2 or 3, wherein the
first switching transistor and the fourth switching
transistor are turned on in the positive half cycle, and
the turning on or turning off, by the control module,
switching transistors on the first bridge arm and the
second bridge arm, to boost a first voltage at the first
parallel connection point comprises:

turning on, by the control module, the third
switching transistor when determining that a first
preset moment expires or determining that a
voltage at the first parallel connection point is
equal to a voltage at the second bridge arm mid-
point;
turning on, by the control module, the second
switching transistor when determining that first
preset duration expires, wherein a start moment
of the first preset duration is a turn-on moment
of the third switching transistor;
turning off, by the control module, the second
switching transistor when determining that sec-
ond preset duration expires, wherein a start mo-
ment of the second preset duration is a turn-on

moment of the second switching transistor; and
turning off, by the control module, the third
switching transistor when determining that the
current of the first inductor is equal to a second
preset current, to boost the first voltage at the
first parallel connection point.

7. The method according to any one of claims 2 to 6,
wherein the method further comprises:

determining, by the control module, that the al-
ternating current on the single-phase input/out-
put terminal is in a negative half cycle;
turning on or turning off, by the control module,
the switching transistors on the first bridge arm
and the second bridge arm, to buck a second
voltage at the second parallel connection point;
and
turning on, by the control module, the sixth
switching transistor when determining that a
bucked second voltage is equal to a voltage of
the negative bus of the direct current module.

8. The method according to claim 7, wherein after the
control module turns on the sixth switching transistor,
the method further comprises:
turning off, by the control module, the sixth switching
transistor when determining that the current of the
first inductor is equal to a third preset current.

9. The method according to claim 7 or 8, wherein the
second switching transistor is turned on in the neg-
ative half cycle, and the turning on or turning off, by
the control module, the switching transistors on the
first bridge arm and the second bridge arm, to buck
a second voltage at the second parallel connection
point comprises:

turning on, by the control module, the fourth
switching transistor when determining that a
second preset moment expires or determining
that a voltage at the second parallel connection
point is equal to the voltage at the second bridge
arm midpoint; and
turning off, by the control module, the fourth
switching transistor when determining that the
current of the first inductor is equal to a fourth
preset current, to buck the second voltage at the
second parallel connection point by using the
first inductor.

10. The method according to claim 7 or 8, wherein the
second switching transistor and the third switching
transistor are turned on in the negative half cycle,
and the turning on or turning off, by the control mod-
ule, the switching transistors on the first bridge arm
and the second bridge arm, to buck a second voltage
at the second parallel connection point comprises:
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turning on, by the control module, the first
switching transistor and the fourth switching
transistor when a second preset moment ex-
pires or a voltage at the second parallel connec-
tion point is equal to the voltage at the second
bridge arm midpoint; and
turning off, by the control module, the first
switching transistor and the fourth switching
transistor when determining that the current of
the first inductor is equal to a fourth preset cur-
rent, to buck the second voltage at the second
parallel connection point.

11. The method according to claim 7 or 8, wherein the
second switching transistor and the third switching
transistor are turned on in the negative half cycle,
and the turning on or turning off, by the control mod-
ule, the switching transistors on the first bridge arm
and the second bridge arm, to buck a second voltage
at the second parallel connection point comprises:

turning on, by the control module, the fourth
switching transistor when determining that a
second preset moment expires or determining
that a voltage at the second parallel connection
point is equal to the voltage at the second bridge
arm midpoint;
turning on, by the control module, the first
switching transistor when determining that third
preset duration expires, wherein a start moment
of the third preset duration is a turn-on moment
of the fourth switching transistor;
turning off, by the control module, the first
switching transistor when determining that
fourth preset duration expires, wherein a start
moment of the fourth preset duration is a turn-
on moment of the first switching transistor; and
turning off, by the control module, the fourth
switching transistor when determining that the
current of the first inductor is equal to a fourth
preset current, to buck the second voltage at the
second parallel connection point by using the
first inductor.

12. A PFC circuit, wherein the PFC circuit comprises an
alternating current module, a power factor correction
module, a direct current module, and a control mod-
ule;

the power factor correction module comprises a
three-phase correction circuit connected in par-
allel, any phase correction circuit in the three-
phase correction circuit comprises at least a first
inductor, a first bridge arm, a second bridge arm,
a third bridge arm, and a fourth bridge arm, one
end of the first inductor is connected to a first
phase terminal of the alternating current mod-
ule, the other end of the first inductor is connect-

ed to a first bridge arm midpoint of the first bridge
arm, the first bridge arm is connected in parallel
to the second bridge arm, a first parallel connec-
tion point between the first bridge arm and the
second bridge arm is connected to one end of
the third bridge arm, the other end of the third
bridge arm is connected to a positive bus of the
direct current module, a second parallel connec-
tion point between the first bridge arm and the
second bridge arm is connected to one end of
the fourth bridge arm, the other end of the fourth
bridge arm is connected to a negative bus of the
direct current module, a midpoint or an imagi-
nary midpoint of the alternating current module
is further connected to a second bridge arm mid-
point of the second bridge arm and the direct
current module, and the first bridge arm, the sec-
ond bridge arm, the third bridge arm, and the
fourth bridge arm each comprise one or more
switching transistors;
the control module is configured to control turn-
on or turn-off of the switching transistors in the
first bridge arm, the second bridge arm, the third
bridge arm, and the fourth bridge arm; and
the power factor correction module is configured
to convert a three-phase alternating current pro-
vided by the alternating current module into a
direct current and transmit the direct current to
the direct current module, or configured to con-
vert a direct current provided by the direct cur-
rent module into a three-phase alternating cur-
rent and transmit the three-phase alternating
current to the alternating current module.

13. The PFC circuit according to claim 12, wherein the
first bridge arm comprises a first switching transistor
and a second switching transistor connected in se-
ries, the second bridge arm comprises a third switch-
ing transistor and a fourth switching transistor con-
nected in series, the third bridge arm comprises a
fifth switching transistor, and the fourth bridge arm
comprises a sixth switching transistor; and
the first bridge arm midpoint of the first bridge arm
is a connection point between a first end of the first
switching transistor and a second end of the second
switching transistor, the first parallel connection
point is a connection point between a second end of
the first switching transistor and a first end of the
third switching transistor, the second parallel con-
nection point between the first bridge arm and the
second bridge arm is a connection point between
the second end of the second switching transistor
and a first end of the fourth switching transistor, the
second bridge arm midpoint of the second bridge
arm is a connection point between a second end of
the third switching transistor and a second end of
the fourth switching transistor, a first end of the fifth
switching transistor is connected to the first parallel
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connection point, a second end of the fifth switching
transistor is connected to the positive bus, a first end
of the sixth switching transistor is connected to the
second parallel connection point, and a second end
of the sixth switching transistor is connected to the
negative bus.

14. The PFC circuit according to claim 12 or 13, wherein
the control module comprises a controller and a cur-
rent detection unit;

the controller is connected to control ends of the
switching transistors in the first bridge arm, the
second bridge arm, the third bridge arm, and the
fourth bridge arm, the controller is connected to
the current detection unit, and the current de-
tection unit is further connected to one end of
the first inductor;
the current detection unit is configured to detect
a current of the first inductor, and transmit a cor-
responding current detection result to the con-
troller; and
the controller is configured to control turn-on or
turn-off of the switching transistors in the first
bridge arm, the second bridge arm, the third
bridge arm, and the fourth bridge arm based on
the current detection result.

15. The PFC circuit according to any one of claims 12
to 14, wherein the control module further comprises
a voltage detection unit;

the controller is connected to the voltage detec-
tion unit, and the voltage detection unit is further
separately connected to two ports other than the
control end of any switching transistor in the first
bridge arm, the second bridge arm, the third
bridge arm, and the fourth bridge arm;
the voltage detection unit is configured to detect
a voltage between the two ports other than the
control end of the any switching transistor, and
transmit a corresponding voltage detection re-
sult to the controller; and
the controller is configured to control turn-on or
turn-off of the switching transistors in the first
bridge arm, the second bridge arm, the third
bridge arm, and the fourth bridge arm based on
the voltage detection result.

16. The method according to any one of claims 12 to 15,
wherein the direct current module further comprises
a first capacitor and a second capacitor; and
a first end of the first capacitor and a first end of the
second capacitor are connected to the midpoint or
the imaginary midpoint of the alternating current
module, a second end of the first capacitor is con-
nected to the positive bus, and a second end of the
second capacitor is connected to the negative bus.

17. A three-phase power supply system, wherein the
three-phase power supply system comprises a
three-phase alternating current source, the PFC cir-
cuit according to any one of claims 12 to 16, a DC/DC
converter, and a direct current load;

the three-phase alternating current source is
connected to an input side of the PFC circuit, an
output side of the PFC circuit is connected to an
input side of the DC/DC converter, and an output
side of the DC/DC converter is connected to the
direct current load; and
the three-phase alternating current source is
configured to provide a three-phase alternating
current, the PFC circuit is configured to convert
the three-phase alternating current into a direct
current with a first voltage value, and the DC/DC
converter is configured to convert the direct cur-
rent with the first voltage value into a direct cur-
rent with a second voltage value, and transmit
the direct current with the second voltage value
to the direct current load.
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